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ABSTRACT 
Gas turbines have become widely used in the generation of power for cities.  They are 
used all over the world and must operate under a wide variety of ambient conditions.  
Every turbine has a temperature at which it operates at peak capacity.  In order to attain 
this temperature in the hotter months various cooling methods are used such as 
refrigeration inlet cooling systems, evaporative methods, and thermal energy storage 
systems.  One of the more widely used is the evaporative systems because it is one of the 
safest and easiest to utilize method.  However, the behavior of water droplets within the 
inlet to the turbine has not been extensively studied or documented.  It is important to 
understand how the droplets behave within the inlet so that water droplets above a critical 
diameter will not enter the compressor and cause damage to the compressor blades.    
In order to do this a FLUENT simulation was constructed in order to determine the 
behavior of the water droplets and if any droplets remain at the exit of the inlet, along 
with their size.  In order to do this several engineering drawings were obtained from SRP 
and studies in order to obtain the correct dimensions.  Then the simulation was set up 
using data obtained from SRP and Parker-Hannifin, the maker of the spray nozzles.  Then 
several sets of simulations were run in order to see how the water droplets behaved under 
various conditions.  These results were then analyzed and quantified so that they could be 
easily understood.   
The results showed that the possible damage to the compressor increased with 
increasing temperature at a constant relative humidity.  This is due in part to the fact that 
in order to keep a constant relative humidity at varying temperatures the mass fraction of 
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water vapor in the air must be changed.  As temperature increases the water vapor mass 
fraction must increase in order to maintain a constant relative humidity.  This in turn 
makes it slightly increases the evaporation time of the water droplets.  This will then lead 
to more droplets exiting the inlet and at larger diameters.   
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NOMENCLATURE 
A  = area of the inlet to the inlet  
anp  = influence coefficient of neighboring cells  
ap  = center of the cell coefficient  
Ap  = surface area of the droplet 
b  = contribution of the constant portion of the source term, Sc 
C∞  = saturation concentration of water vapor in the ambient air. 
Cd  = breakup constant 
CF  = breakup constant 
CH2O  = saturation concentration of water at a given temperature. 
Ci,s  = vapor concentration at the droplet surface 
Ci,∞  = vapor concentration in the bulk gas 
Ck  = breakup constant 
cp  = droplet heat capacity 
Cs  = saturation concentration 
d  = diameter of the water droplet  
 ̅  = average water droplet diameter 
Df  = area-under-the-curve damage factor 
Df,K  = kinetic damage factor 
DH  = hydraulic diameter 
DH2O  = diffusivity coefficient of water 
Di,m  = diffusion coefficient of vapor in the bulk gas 
xxii 
 
   
  
  = rate of evaporation 
   
  
  = breakup variable derivative 
h  = convective heat transfer coefficient 
hfg  = latent heat 
I  = turbulent intensity 
I  = radiation intensity 
K  = ratio of total energy in the distortion and the oscillation to the energy of    
                        the fundamental mode 
Kc  = mass transfer coefficient 
L  = length of the inlet to the inlet 
m  = water droplet mass 
M  = water droplet mass 
mp  = mass of the droplet 
Mw,I  = Molecular weight of species i 
n  = spread parameter/Number of droplets 
n1  = number of large droplet parcels 
n2  = number of small droplet parcels 
Ni  = molar flux of vapor 
p  = pressure 
psat(T)  = saturated vapor pressure at a given temperature 
Q  = volumetric flow rate of air entering the inlet 
r  = water droplet radius 
xxiii 
 
r1  = large water droplet radius 
r2  = small water droplet radius 
r32  = Sauter mean radius 
R  = universal gas constant 
R
x
  = residual term 
Re  = Reynolds number 
Sc  = constant source term 
Sc  = Schmidt number 
Sp  = cell-based source term 
ShAB  = Sherwood number 
 
  
  = inverse time of distortion 
Tp  = droplet temperature 
T∞  = temperature of the continuous phase 
u  = droplet relative velocity 
V  = velocity of the water droplet 
V  = collision volume 
vrel  = relative velocity of smaller droplet to larger droplet 
W  = width of the inlet to the inlet 
We  = Weber number 
Wec  = critical Weber number 
x  = generic variable 
Xi  = local bulk mole fraction of species i 
xxiv 
 
y0  = initial breakup variable 
Yd  = mass fraction with diameter greater than the current diameter 
ΔC  = change in saturation concentration 
 p  = particle emissivity 
θR  = radiation temperature 
μl  = droplet viscosity 
ν  = kinematic viscosity 
ξs  = saturation molar fraction 
ρ  = density of water 
ρg  = continuous phase density  
ρl  = discrete phase density  
σ  = droplet surface tension 
σi  = Stefan-Boltzmann constant 
ω  = droplet oscillation frequency 
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I. Introduction 
 
Turbines are used in a wide variety of applications from power generation to 
propulsion for aircraft.  Turbines have been utilized for power generation for a number of 
decades and there are several methods for obtaining the maximum power output.  One 
method that has not been as thoroughly studied as most of the other methods is that of the 
inlet fogger.  In this case the incoming air to the turbine system is both cooled and 
moistened using a fogger system, or a series of injectors that spray micron sized water 
droplets into the air. The behavior of these water droplets can be unpredictable and their 
full effect on the system can vary greatly depending on the condition of the ambient air.  
While there has been some research performed on this topic, more investigation is 
necessary before this system of power generation can be fully understood. 
The main purpose of this research was to use FLUENT to determine the behavior 
of the injected water droplets within the inlet to the turbine, as well as their effect on the 
system.  It was decided that the most efficient way of doing this was to use FLUENT to 
determine both the size and the diameter of the droplets at the exit of the inlet to the 
turbine; as well as the number of particles that are exiting the inlet.  For this research it 
was decided that the water droplet behavior would be observed and analyzed at different 
temperatures and relative humidities.  In order to accomplish this it was necessary to 
change the specific humidity so that the correct relative humidity could be obtained. This 
allowed us to see the changes in the behavior of the water droplets for the same relative 
humidity at various temperatures, or the behavior for the same temperature at different 
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relative humidities. This method of observing and analyzing the system lead to some 
unexpected results that will be discussed in detail within the results section. A 
quantitative comparison was done by comparing the temperature values from the given 
SRP data, which was taken from the inlet to the compressor, and the temperature data 
taken from the exit of the inlet model in FLUENT, which represents the inlet to the 
compressor. The results showed that the data was closely matched between the FLUENT 
model and SRP's physical model.  These results allowed for the use of the FLUENT 
model in analyzing the behavior of the water droplets within the inlet to the turbine. 
II. Methods 
 
All of the research was performed using the CFD software FLUENT, which is a 
part of ANSYS.  The inlet to the turbine was modeled using SolidWorks, based on 
engineering drawings obtained from SRP pertaining to their Santan power plant.  The exit 
of the inlet was modeled up to a few inches before the compressor blades.  An 
engineering drawing of the model along with other relevant images can be seen in 
Appendix A.  FLUENT was chosen as the CFD software because it has built in functions 
for dealing with the injection of one fluid into another.  SolidWorks was chosen as the 
CAD software because it was readily available on the computer and could output files in 
a wide variety of formats.   ICEM was chosen as the meshing software because it is 
capable of meshing any type of geometry; which is also a part of the ANSYS package.  
Using these three software packages it was possible to create, mesh, and simulate the 
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system for the inlet to the turbine with the injection of water into the incoming ambient 
air.   
In order to create the geometry of the air path of the inlet to the turbine several 
engineering drawings were analyzed.  These drawings are proprietary to the SRP Santan 
power plant and as such cannot be included in this thesis, although some images of the 
CAD are included so that the geometry itself can be viewed.  Meshing the geometry 
proved difficult because of the curvature of the exit and the fact that there is a large 
portion of the exit through which the air cannot travel.  Because of this complication the 
mesh had a large number of nodes and this caused FLUENT to slow down when the 
water droplets were injected into the system.  The computation time depended on the 
ambient characteristics of the air; the greater the humidity the longer the simulation took 
to complete.  Screenshots of the FLUENT terminal for every part of the set-up can be 
seen in Appendix G.   
 
A. Basic Simulation Set up 
The FLUENT software is capable of simulating injections anywhere within the 
meshed geometry of a flow region.  After the geometry of the inlet was meshed it was 
only necessary to determine the location of the grids and the spacing in between the rows 
and the injectors in each row.  There are a total of 1442 injectors, which are divided 
between all of the grids.  There are 52 injectors per row, and the number of rows varies 
per grid.  The A/B grid has 3 rows, the C grid has 4 rows, the D grid has 7 rows, and the 
E grid has 14 rows.  This data was taken from a data sheet that was given by SRP.  This 
4 
 
leads to a different number of injectors per grid, which also leads to a different mass flow 
per grid.  It can be seen from the previous description that the E grid makes up half of the 
total number of rows, which is 28, and so it also possesses half of the total mass flow.  
The source for these numbers can be seen in Appendix A.  
Table 1 Grid Mass Flow. 
Grid Mass Flow (Gal/min) Mass Flow (kg/s) 
A/B 2 0.1261803 
C 6 0.3785333 
D 18 1.1356233 
E 26 1.640345 
 
The droplets being dispersed from each injector cover a range of diameters.  This range is 
calculated within FLUENT using a rosin-rammler distribution.  The user only needs to 
input the minimum, maximum, and average droplet diameter along with the spread 
parameter and number of diameters that the user wishes to be present within the 
distribution.  The basic rosin-rammler equation calculates the mass fraction of droplets 
with a diameter greater than the current diameter.   
                
(
  
 ̅
)
 
 (1) 
Here d is the diameter of the current droplet being examined and   ̅ is the average 
diameter.  The variable n is the spread parameter, which determines the size of the range 
of diameters calculated by FLUENT. A larger spread parameter leads to a narrower range 
of diameters.  For these simulations a spread parameter of 5 was chosen based on 
information contained within the FLUENT User’s Guide and experiments performed 
using different spread parameters. 
5 
 
 The general set-up allows for the selection of several key components that will 
affect the entire simulation.  Within the general set-up is a portion of the solver used to 
calculate the solutions.  The options that can be controlled from this terminal are: the type 
of solver used, either pressure or density based; velocity formation, either absolute or 
relative; the time component, either steady or transient; and whether gravity is on or off.  
For this simulation the type of solver that was used was pressure based.  The velocity 
formation that was chosen was the absolute option and the time component was steady.  
Also gravity was utilized in order to account for its effect on the trajectory of the 
droplets.                   
 Several different aspects of FLUENT were used in order to accurately simulate 
the turbine inlet.  In order to simulate the transfer of heat within the system the energy 
equation was utilized.  The fluid within the system was a viscous fluid and as such the 
viscosity option was used and the equation that was chosen was the realizable k-epsilon 
model, because it more accurately simulates viscous fluids, such as water in air.  The 
near-wall treatment that was chosen was the enhanced near-wall treatment.  The 
enhanced near-wall treatment option was chosen so that the effects of the viscosity-
effected near-wall region on the fully turbulent region.  Also included in the enhanced 
near-wall treatment method are pressure gradient effects and thermal effects.  These 
options were used in order to more accurately model the thermal effects of the water 
droplets and the pressure gradients throughout the flow.    
 In order to accurately model the two species within the system the species 
transport option was utilized.  In this model a mixture template was defined in which air 
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and water vapor were the only components.  Two other options that were selected within 
the model were inlet diffusion and diffusion energy source.  The inlet diffusion option 
was selected in order to model the diffusion flux of species at the inlet and the diffusion 
energy source was selected so that the effects of enthalpy transport due to species 
diffusion within the energy equation would be utilized in regards to the species defined in 
the mixture template.   
 Since this simulation was using the injection option of FLUENT the discrete 
phase model was needed in order to track these particles and determine their behavior 
within the flow.  Within this model there are several options.  The tracking method used 
to track the particles was the unsteady particle tracking option.  The interaction of the 
injected fluid with the continuous fluid was used and was updated every four iterations, 
with a time step size of .02 for a total run time of one second.  The drag law that was 
chosen was the dynamic-drag law.  The options that were utilized within the spray model 
were droplet collision and droplet break-up so that the droplet behavior would be as 
realistic as possible.  The initial distortion factor yo was set to zero and the break-up 
parcel, or the maximum number of parcels a droplet can break into, was set to fifty. 
The method in which FLUENT determines whether or not droplets collide with 
one another and the behavior of that collision also needs to be discussed.  FLUENT uses 
a probability function in order to determine if two droplets will collide with one another.  
This probability function is derived from the point of view of the larger of the two 
droplets and uses the O’Rourke algorithm to determine the probability of collision [7].  
The O’Rourke algorithm uses the concept of a collision volume to determine the 
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probability of a collision between two droplets.  This algorithm calculates the probability 
of the smaller droplet being within the collision volume of the larger droplet, at which 
point a collision will occur.  The equation for this probability can be seen below in 
Equation 2, [7].  
   
 (     )
       
 
       (2) 
In the above equation r1 and r2 represent the radii of the large and small droplet, vrel 
represents the relative velocity of the small droplet with respect to the large droplet, t 
represents the amount of time that has passed, and V represents the collision volume that 
encompasses the large droplet.  This equation can then be generalized for parcels, where 
there are n1 and n2 droplets in the large and small droplet parcels.  The large droplet, or 
collector as FLUENT terms it, undergoes a mean expected number of collisions that is 
given by Equation 3, [7]. 
  ̅  
   (     )
       
 
       (3) 
However, the actual number of collisions that the large droplet experiences is not well 
characterized by this equation.  The probability distribution function of the number of 
collisions follows a Poisson distribution, as described by O’Rourke, which can be seen in 
Equation 4, [7]. 
  ( )     
 ̅ 
  
       (4) 
Where n is the number of collisions between the large droplet, or collector droplet, and 
the other droplets.   
 Once FLUENT has determined that two droplets will collide with one another the 
behavior of that collision must be determines.  In other words, whether the droplets will 
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coalesce or bounce off of one another.  Generally, if the droplets collide head on then 
coalescence will occur and bouncing will occur if the collision is more angular.  So the 
probability of coalescence can be related to the offset of the large droplet center and the 
trajectory of the smaller droplet.  The critical offset is a function of the collisional Weber 
number and the radii of the droplets, as can be seen in Equation 5, [7].   
      (     )√   (    
    
  
)       (5)  
In the above equation f is a function of the ratio of the radii of the droplets, which is 
shown in Equation 6. 
  (
  
  
)  (
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    (
  
  
)       (6) 
 Using these two equations FLUENT is capable of calculating the critical collision 
parameter.  This is then compared to the actual collision parameter b, which is calculated 
using the equation below where Y, is a random number between 0 and 1, [7]. 
   (     )√        (7) 
The calculated collision parameter b is then compared to the critical collision parameter 
bcrit, and if b<bcrit, the collision result will be coalescence.   
FLUENT is also capable of determining if a droplet will breakup into smaller 
droplets based on the distortion of the original, or parent, droplet.  The method chosen for 
droplet break-up was the Taylor Analogy breakup model. The Taylor model considers 
three distortion and oscillation forces on the droplet, which are surface tension forces, 
droplet drag force, and droplet viscosity forces.  The governing equation for droplet 
distortion is 
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For this set of equations ρl and ρg are the discrete phase and continuous phase densities, u 
is the droplet relative velocity, r is the undistorted droplet radius, σ is the droplet surface 
tension, μl is the droplet viscosity and CF, Ck, and Cd are dimensionless constants that are 
equal to 8, 5, and 1/3, respectively.  Breakup of the droplet will occur when y > 1, [8].  
Once it has been established that a droplet will breakup the size of the resulting droplet 
must be determined.  This is done by calculating the Sauter mean radius of the droplet 
size distribution, which is found by equating the energy of both the parent and child 
droplets.  The resulting equation is: 
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       (15) 
Where the only quantity left to be defined is K, which is the ratio of the total energy in 
the distortion and oscillation to the energy in the fundamental mode, which is on the 
order of (10/3), [8].  From these equations it is possible for FLUENT to determine 
10 
 
whether a droplet will breakup along with the size of the resulting droplets.  The number 
of resulting droplets is calculated by mass conservation.   
The conditions of the ambient air entering the inlet were calculated from typical 
ambient conditions, while the flow rate was calculated from the DWG appendix 
document obtained from SRP.  From this document it was determined that the volumetric 
flow rate was 21,864 m
3
/min, which correlates to a mass flow rate of 446.39 kg/s for air.  
The turbulence specification method that was used involved the specification of the 
turbulent intensity and the hydraulic diameter.  These were calculated using equations 16, 
17, and 18.  These remained constant throughout all of the simulations since these 
calculations only involve given quantities that do not change.    
               
   
   
 (16) 
                     
  
       (17) 
                 
   
  
      (18) 
Where the variables L and W are the length and width of the inlet to the inlet and Re is the 
Reynolds number of the incoming air stream.  Here the variable Q represents the 
volumetric flow rate of the incoming air, while ν is the kinematic viscosity of air and A is 
the area of the inlet of the inlet.     
 The other boundary conditions that were defined for this simulation were the 
outlet and the wall conditions.  The outlet was chosen to be an outflow, since in the 
physical device the fluid is simply flowing through the outlet into the compressor.  There 
are several conditions that can be defined for the wall boundary condition.  For the 
momentum portion the wall was defined as stationary with a no slip shear condition.  For 
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the thermal portion, heat flux was allowed for the wall and the material chosen was 
aluminum.  Under the species portion a zero diffusive flux was chosen in in order to 
prevent air from flowing through the wall, since in the real world air does not flow 
through solid walls.  There were also conditions chosen for the wall in regards to the 
discrete phase model.  These conditions help determine how the droplets will reflect off 
of the wall in regard to the discrete phase model and the coefficient type chosen was the 
polynomial, for both the normal and the tangential components.   
 Several different solution methods may also be defined under the Solutions 
section in FLUENT.  The pressure-velocity coupling method that was chosen was the 
SIMPLE method. This method was chosen in order to ensure that the mass conservation 
law is enforced and a pressure field may be found.  There were several items to be 
defined under the space discretization section.  The first item to be defined was the 
gradient, the method chosen was the Green-Gauss cell based method.  The Green-Gauss 
cell based method works by first computing a scalar φf by taking the arithmetic average 
of the values at the center of the neighboring cells, which is then used in the Green-Gauss 
theorem.  The pressure solver used to solve for pressure was the standard method, since 
this is a pressure based simulation.  The solver chosen for the momentum, turbulent 
kinetic energy, and turbulent dissipation rate convection-diffusion equations was the 
Second Order Upwind, for the most precise calculation possible.  The solver chosen for 
the air and energy convection-diffusion equations was the First Order Upwind, for a 
precise calculation, while saving on CPU time.   
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   Another component of the solution to the simulation that can be controlled is the 
residuals.  The residuals are basically the error in the computation of certain components 
within each cell of the system [2].  In order to calculate the residuals it is first necessary 
for FLUENT to calculate the conservation of a general variable x, whose equation can be 
written as: 
                 ∑            (19) 
Where ap is the center coefficient, anb is the influence coefficients of the 
neighboring cells, and b represents the contribution of the constant portion of the source 
term Sc from S=Sc +Spx and those contributions from the boundary conditions [2].  In 
Equation 19 the term ap is equal to: 
                 ∑               (20) 
In the above equation Sp is the cell-based source term.  Utilizing these two equations, 
FLUENT is able to determine a residual by subtracting the left hand side of Equation 19 
from the right hand side of the same equation since ap can be solved for using Equation 
20.  Then the following equation can be used to determine the residuals. 
                ∑ |∑                |       (21) 
However, this does not give a clear picture of the residuals because the values can vary 
greatly.  As such, it is necessary to scale the residuals so that they may be compared and a 
true minimum may be found, because as a residual becomes smaller the solution becomes 
more precise.  The default scaling for the residuals is global scaling which has the form 
                
∑ |∑                |      
∑ |    |      
 (22) 
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The residual components that can be defined from the Residuals Monitors dialog box are 
continuity, x-velocity, y-velocity, z-velocity, energy, k, epsilon, and air.  The absolute 
criterion that was used for all of the residuals was 10
-6
.  This limit allows for a very 
precise solution to be calculated.   
 The injectors were set up using the built in FLUENT method for defining 
injections into the system.  There are a total of 28 rows of injectors and each row contains 
fifty two injectors.  However, because tracking the droplets from over fourteen hundred 
injectors was too computationally intensive, the number of injectors per row was greatly 
reduced.  After performing several case studies it was found that all rows below the sixth 
row from the top could be modeled using only 5 injectors per row spaced evenly within 
the row.  The six uppermost rows required twenty injectors in order for the particles to 
behave in the same manner as the fifty two injectors per row case.  In order to validate 
this, all particles were tracked for each case and the resulting data was plotted in Excel 
and can be seen in Appendix B.   
Once the injection dialog box is open, a new injection may be defined.  In the 
injection properties box there are several different properties that may be defined. The 
first property to be chosen is the type of injection that may be used; for this simulation 
the solid-cone was selected.  The number of particle streams emanating from the injector 
may also be defined.  The particle streams tell FLUENT how many particles or droplets 
to track from that particular injector.  The next property is the particle type, which for this 
system is a droplet.  The material chosen for the droplet was liquid water and the 
diameter distribution that was used was the rosin-rammler distribution.  This type of 
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diameter distribution uses Equation 23 to determine the number of droplets, with 
diameter d, by first finding the mass fraction of droplets with a diameter greater than d, 
[3].   
                
 (   ̅)       (23) 
Here Y is the mass fraction of droplets with a diameter greater than the current diameter, 
d is the current diameter,  ̅ is a constant and is the average diameter, and n is the size 
distribution parameter, which determines how the number of droplets is distributed 
among the different droplet diameters.  The final governing property to be defined is the 
evaporating species, which for this system is H2O.   
  
Here it is prudent to discuss how FLUENT determines the evaporation rate of the 
injected fluid droplets.  If the temperature of the droplet is greater than the vaporization 
temperature but lower than the boiling temperature then evaporation can occur.  Then the 
rate of vaporization is calculated by determining the difference in the vapor concentration 
at the droplet surface and in the bulk gas surrounding the droplet [6].  This calculation is 
performed by Equation 16 as shown below [6].   
     (        )       (24) 
Where Ni represents the molar flux of vapor, kc represents the mass transfer 
coefficient, Ci,s, represents the vapor concentration at the surface of the droplet, and Ci,∞ 
represents the vapor concentration in the bulk gas. FLUENT determines the concentration 
of vapor both at the surface and in the bulk gas using Equations 25 and 26, [6].   
     
    (  )
   
       (25) 
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       (26) 
In these equations psat stands for the saturated vapor pressure at the temperature of 
the droplet, R, stands for the universal gas constant, Tp stands for the temperature of the 
droplets, Xi stands for the local bulk mole fraction of the species i, p stands for the local 
absolute pressure of the bulk gas, and T∞, stands for the temperature of the local bulk gas 
[6].  One can see from these equations that as the local temperature is reduced the vapor 
concentration will quickly increase thus reducing the rate of vaporization.  The last 
variable to be determined from Equation 24 is the mass transfer coefficient kc.  This is 
determined from the Sherwood number correlation as shown in Equation 27, [6].   
     
    
   
           
 
 ⁄   
 
 ⁄        (27) 
In the above equation ShAB represents the Sherwood number, Di,m represents the 
diffusion coefficient of the vapor in the bulk gas, Sc represents the Schmidt number 
which is found by Equation 28, dp represents the droplet diameter.   
   
 
    
       (28) 
In the equation for the Schmidt number μ, stands for viscosity, and ρ stands for 
the density.  FLUENT is also capable of calculating the reduction in mass of the droplet 
by utilizing Equation 29, [6]. 
  (    )    ( )                   (29) 
For the mass loss equation described above Mw,i represents the molecular weight 
of species I, in this case water, mp represents the mass of the droplet, and Ap represents 
the surface area of the droplet.  Using this equation it is possible for FLUENT to 
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determine the size of an injected water droplet at any time t when given an initial time.  It 
is also vital for FLUENT to continuously update the temperature of the droplets.  This is 
achieved through Equation 30, [6]. 
    
   
  
    (     )  
   
  
         (     
 )       (30)   
There are a large number of variables in this equation and one can see that it 
depends greatly on the temperature of the surrounding gas and the droplet.  For this 
equation cp represents the droplet heat capacity, Tp represents the droplet temperature, h 
represents the convective heat transfer coefficient, T∞ represents the temperature of the 
continuous phase, 
   
  
 represents the rate of evaporation, hfg represents the latent heat,    
represents the particles, or droplet, emissivity, σ is the Stefan-Boltzmann constant, and θR 
represents the radiation temperature, which is defined in Equation 31 below [6]. 
   (
 
  
)
 
 
       (31) 
For this equation I represents the radiation intensity.  From these equations it is possible 
for FLUENT to determine the evaporation rate of any injected fluid into a bulk gas.   
All of the information about the injection point and condition of the fluid being 
injected into the system is input in the point properties tab.  Here the user can define the 
position of the injector, the temperature of the fluid, the start and stop time of injection, 
the direction the fluid is injected, the velocity magnitude of the fluid, the cone angle, total 
flow rate, and diameter information.  For the rosin-rammler distribution there are several 
items to be defined in order for the distribution to be calculated.  A minimum and 
maximum diameter must be input, along with the mean diameter and the spread 
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parameter and number of diameters to be used per particle stream.  Once all of the 
diameter parameters are defined, the rosin-rammler distribution can be accurately 
calculated by FLUENT.   
 Another set of properties that need to be set for the injector are the properties 
under the turbulent dispersion tab.  Here the user can choose how the injected particles 
move through the system.  The model chosen for this study was the Discrete Random 
Walk Model, since the trajectory of a water droplet in air is random and cannot be 
predicted.  Within this model the eddy lifetime can either be a constant value or a random 
value.  For the purposes of this study the eddy lifetime was chosen to be random.  The 
random value was chosen because eddies in real situations for open systems do not 
always have the same lifetime throughout the system.   
 
B. Specific Simulation Set Up 
The first set of simulations that was performed was based on the temperatures 
given in a spreadsheet received from SRP.  From the SRP data, the four temperatures that 
were used in the case studies of the inlet to the turbine are 77, 94, 107, and 122
o
F. Several 
simulations were created based on these temperatures along with a variety of relative 
humidity values, while running all grids of injectors. The relative humidities that were 
used were 10%, 20%, 27%, and 35%.  It was expected that as the ambient temperature is 
increased, the number of particles exiting the inlet would decrease along with the size of 
these particles. FLUENT was required to solve 16 simulations from the design of 
simulations with varied parameters. 
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In order to obtain the desired relative humidities at different temperatures the 
specific humidity, or mass fraction of water vapor, had to be changed for each 
temperature and relative humidity.  As the air temperature increases the air is capable of 
holding more water vapor than at lower temperatures.  Therefore, a relative humidity of 
20% at 77
o
F is quite different from the same relative humidity at a temperature of 122
o
F.  
These values were obtained by using a combination of a psychometric chart and a table 
on the mass fraction of water vapor in air found on the engineering toolbox website [1]. 
The specific humidity is measured in gram of H2O vapor per gram of air.  This can easily 
be converted to any other metric unit of mass, however this will not change the value 
because the conversion factors will cancel.  The specific humidity for each relative 
humidity at the different temperatures can be seen in Table 2.   
Table 2 Specific humidity variation. 
Rel. Hum. 77
o
F 94
o
F 107
o
F 1227
o
F 
10% .00198 .00325 .005125 .0076 
20% .00398 .00659 .0104 .0151 
27% .005193 .009454 .0143 .0216 
35% .0065 .01225 .01725 .028 
 
Specific humidity can also be considered to be the mass fraction of water vapor within 
the dry air due to the units and calculation process.  This value is what FLUENT requires 
as an input in order to simulate humid air.  Once the specific humidity is known it is 
possible to simulate the correct ambient air conditions with the correct relative humidities 
for each temperature and obtain valid results.   
In order to validate these results a temperature validation case study was 
performed using temperature data taken from the inlet to the compressor which was 
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provided by Salt River Project, SRP.  Four different simulations were configured based 
on the temperature data.  Each of these cases used different grid arrangements and inlet 
conditions in order to match the spray configuration and ambient conditions of that 
particular day.  The set-up of these cases can be seen in Table 3.  
Table 3 Temperature Validation Set-Up. 
Case Tin (
o
F) Relative Hum. (%) Grids ON Mass Flow (kg/s) 
1 99.11 10.86 E 1.640345 
2 101.43 12.1 D & E 2.775968 
3 97.09 30.18 C & D 1.514157 
4 100.86 22.13 C & E 2.018878 
 
You can see that as the relative humidity decreases the mass flow of water droplets 
entering the system increases.  The mass flow of water droplets entering the system is 
also dependent on the temperature and relative humidity of the incoming ambient air, as 
you can see from the first case.  Although the relative humidity of the second case is 
higher the mass flow of water entering the system is also higher because the temperature 
is higher than in the first case and this is similar for the fourth case as well.   
The second set of full simulations was nearly identical to the first set except that 
the grids that were utilized in each simulation were varied, along with the relative 
humidity while the temperature remained the same for all of the simulations.  The 
temperature chosen for this set of simulations was 107
o
F, and the same relative 
humidities were used as in the previous set of simulations.  The different grid set ups that 
were utilized are as follows; D & E, C & E, C & D, and E.  The different grid set ups also 
correspond to a different number of rows being active within the simulations, namely, 21, 
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18, 11, and 14 rows for the listed combination of grids.  The flow rates for these different 
grid arrangements can be seen in Table 3, from the temperature validation section.   
III. Results 
 
The results that were gathered from all of the simulations were quite interesting.  
The temperature validation results showed that FLUENT was capable of simulating the 
drop in temperature within the system, while the results from the two full simulation 
studies were quite different from one another.  It was found for the cases with all of the 
injectors on that the number of droplets exiting the system increased with increasing 
relative humidity and temperature, and the same was true when the grids that were on 
were varied, although the number of droplets exiting the inlet were fewer than the cases 
with all of the grids working.   
 
A. Temperature Validation Results  
 The results gained from this validation case insured that FLUENT was capable of 
accurately simulating the change in temperature within the system of the inlet to the 
turbine.  The complete results can be seen in Table 4.  
 
Table 4 Temperature Validation Results. 
Case Tin (
o
F) FLUENT Ave. Tout (
o
F) SRP Tout (
o
F) Percent Diff. (%) 
1 99.11 83.16 88.16 5.67 
2 101.43 73.53 76.86 4.33 
3 97.09 82.07 80.35 2.14 
4 100.86 80.15 80.43 0.35 
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The FLUENT results matched closely with the values obtained by SRP.  This validation 
case study supports the use of the FLUENT model in accurately modeling the exit 
temperature of the inlet to the turbine.  This in turn leads to the conclusion that the 
FLUENT model has a very high probably of accurately modeling the behavior of the 
water droplets in the system; as it was their evaporation that cooled the flow.  It should be 
noted that the FLUENT temperature shown in the table above is an average temperature 
because the temperature varied throughout the exit of the inlet.  Images showing these 
variations for the different temperature validation cases can be seen in Appendix C.   
 
B. All Grids Results 
 The results from these case studies were somewhat counter-intuitive and a simple 
yet effective method had to be developed in order to report these results in a meaningful 
manner.  As previously mentioned it was found that as temperature and relative humidity 
of the incoming air stream were increased the number of droplets exiting the inlet 
increased as well.  At first this seems incorrect because one would assume that as 
temperature increases the rate of evaporation increases as well.  However, as shown in 
Table 2, as temperature increases at a set relative humidity the mass of water vapor 
within the air also increases because the total mass of water vapor that the air can contain 
increases.  So a relative humidity of 10% at 100
o
F has a higher mass fraction of water 
vapor in the air than does air with a relative humidity of 10% at 90
o
F.   
22 
 
 In order to more accurately determine the possible damage that could be caused 
by droplets exiting the inlet a critical diameter had to be determined.  Through 
researching the topic of turbine inlet fogging it was found that the critical diameter above 
which water droplets begin impinging on the compressor blades was 20 microns [4].  In 
this same study it was found that droplets smaller than 20 microns followed the path of 
the air within the compressor and actually lessened the work required by the compressor 
to compress the air [4].  Several pieces of data were extracted from the solutions to the 
various simulations in order to determine the number of particles exiting the inlet, the 
velocity of these particles, and the diameter of the droplets.  In order to determine how 
many droplets travelled through the inlet plots of the number of particles for each 
diameter were constructed.  An example of these plots can be seen in Figure 1, while the 
rest are in Appendix D.   
 
Fig. 1 Number of particles Plot 20% relative humidity, 94
o
F. 
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 The dotted line at 20 microns shows where the cut-off is for particles that will not 
cause damage to the compressor blades.  All of the particles past this line will impinge on 
the compressor blades and accumulate damage.  In order to quantify this damage, a 
damage factor DF was developed by taking the area under the curve past the 20 micron 
line.  This was done for all of the cases and the values varied greatly.  In order to better 
compare these values the logarithm base ten was taken of all of the damage factors.  This 
made the values much easier to compare and understand.  Figure 2, shows the damage 
factor plot for all of the cases that utilized all of the grids.   
 
Fig. 2 Damage factor plot for all grids on cases. 
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temperature.  This is because the mass fraction of water in the ambient air increases with 
increasing temperature for a constant relative humidity.   
After creating this damage factor plot it was decided that the damage factor could 
be better related to the actual damage that could potentially be caused to the compressor 
blades by utilizing the mass and velocity of the water droplets exiting the inlet.  The mass 
of each droplet was determined by using the diameter distribution found earlier and using 
Equation 32.   
             
 
 
           (32) 
Where ρ is the density of water and r is the radius of the droplet currently being 
examined.  This allows for the calculation of the mass of each droplet.  Then once the 
mass is found the kinetic damage factor can be found by using Equation 33.  
                   
       (33) 
Where n is the number of particles with the mass and velocity currently being examined.  
This allows for the calculation of a more meaningful damage factor that can be related to 
the kinetic energy of each droplet.  The units of this damage factor work out to be Joules, 
which strengthens the argument that this kinetic damage factor can be seen as a type of 
energy possessed by the particles.  This leads to a more meaningful result and allows the 
observer to better understand the amount of damage that could potentially be caused by 
the water droplets.  An example plot of this was created for the case with 20% relative 
humidity and can be seen in Figure 3. 
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Fig. 3 Damage factor comparison. 
 
Here you can see the comparison between the kinetic damage factor and the area under 
the curve damage factor.  It is clear that for this case the two are very close.  However, 
this may not be the case for all of the different case studies; however there was not time 
to perform these calculations for all of the original cases.   
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patterns that were utilized were grids E, C & D, C & E, and D & E.  This greatly reduced 
the mass of water being injected into the system.  As expected this also greatly reduced 
the number of water droplets exiting the system for each case.  The specifics of these 
results can be seen in Appendix E, however the kinetic damage factor plot can be seen 
here in Figure 4.    
 
Fig. 4 Grid Variation kinetic damage factor for Tin = 107
o
F. 
 
One can see from this plot that all of the damage factors for the grid variation case studies 
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IV. Discussions 
 
As stated earlier some of these results seem very counter-intuitive until they are 
examined more closely.  It has already been shown that as temperature increases the mass 
of water vapor in the air must also increase in order to keep the relative humidity 
constant.  This leads to a higher mass fraction of water vapor in the higher temperature 
cases than the lower temperature cases for the same relative humidity, since relative 
humidity is just a percentage of the current mass of water vapor in the air compared to the 
total mass of water vapor that the air is capable of holding.  This then leads to the 
conclusion that the same amount of injected water will take more time to evaporate at 
higher temperatures than lower temperatures for the same relative humidity and a given 
volume; as long as the temperatures are not significantly different.  This conclusion is 
supported by the results from Figure 2.  The damage factor, or total number of particles, 
increases with increasing temperature for the same relative humidity value and increasing 
temperature.  More can be seen on this topic in Appendix F, where there are plots of 
evaporation under various conditions, including an evaporation validation case study on 
this model. 
Also it should be stated that the data for these damage factor plots was gathered 
from FLUENT, and saved in the output format that FLUENT uses for saving data.  Then 
the data was analyzed using a MATLAB program where the maximum and minimum 
droplet diameters were found, along with the average diameter and the velocity range.  
This information was then used in another MATLAB program that used the same 
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diameter distribution formula as FLUENT in order to determine the full distribution of 
diameters at the exit of the inlet, since FLUENT only tracks a certain number of droplets 
and not the entire population of droplets.  These MATLAB programs along with the other 
MATLAB programs that were used in this research can be seen in Appendix H.   
The damage factor results from the all grids on cases, is interesting for several 
reasons.  Two of these reasons are that the slope for any given DF line is not constant and 
the differences between the data points for the different lines of temperature change when 
examining the various relative humidity.  The nonlinearity of the DF lines is not 
surprising when one considers that the evaporation function for a mass body behaves as 
an inverse exponential function.  These lines display characteristics of exponential 
functions and if the plots were extended further past thirty five percent relative humidity, 
we would no doubt see that the lines would reach a maximum very quickly as there 
would be very few droplets evaporating at such a high relative humidity, which would 
have a nearly infinite slope.    
The non-uniformity of the slope in the kinetic and area-under-the-curve damage 
factors could be attributed to a variety of factors; some of which are that the droplets do 
not follow pathlines that are parallel to one another but instead travel random paths, the 
evaporation rate changes in a non-linear manner with changing relative humidity as 
previously mentioned, and the relative humidity is not constant throughout the system.  
For a randomly chosen small unit volume the relative humidity could be within a few 
percent of the actual number, which means that the evaporation rate varies throughout the 
system so that droplets having the same diameter but at different spots within the system 
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can have different evaporation rates.  This leads to the non-linear behavior of the damage 
factor lines and the non-uniformity of the differences between each data point.  This is 
even more evident in the kinetic damage factor plot for the case with all of the grids 
turned on.   
The kinetic damage factor lines for the grid variation cases behave in an even 
more non-uniform manner than the previous cases.  There is no clear resemblance to any 
typical function such as logarithmic or exponential.  This leads to even more differences 
between the data points for a given relative humidity than the previous cases, where all of 
the grids were utilized.  These differences in the behavior of the lines could be attributed 
to the placement of the different grids within the inlet to the turbine.  Because they are 
placed at varying heights the water droplets are injected at widely varying heights within 
the flow, which will cause them to travel more of a random path than in the previous case 
studies.     
It is evident from Figure 4, that the grid variations lines produced results that are 
very different from one another.  One can see that as more grids are utilized within the 
system the damage factor increases for the selected temperature and for any given 
relative humidity.  This result is not very surprising since every grid that is added to the 
system will introduce a significant amount of water to the system, via injection, 
depending on the grid that is added.  So as different grids are added the total mass flow of 
water being injected into the system will increase either significantly or by a small 
percentage depending on the grid.   
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V. Conclusions 
 
From the results shown and discussed above it can safely be stated that for a given 
volume and mass flow of water into the system as the relative humidity is increased for a 
given temperature the kinetic damage factor will also increase, increasing the damage 
done to the compressor blades.  It can also be said that for a given relative humidity the 
kinetic damage factor is greater at a higher temperature than at a lower temperature, since 
the mass of water vapor in the air is greater at the higher temperature than at the lower 
water temperature.  It can also be surmised that varying which grids are on, for the given 
ambient conditions, can drastically change the possible amount of damage to the 
compressor blades. 
It can be seen in Figure 4, that when there are fewer rows active the kinetic 
damage factor is much lower than for those cases where there are a greater number of 
rows active.  There were also a few cases where a couple grid configurations yielded 
nearly the same result.  This means that a slightly lower temperature could be achieved 
using the higher number of rows configuration, while still maintaining an extremely low 
kinetic damage factor.  This leads to the conclusion that which grids are active must be 
managed very precisely in order to avoid causing unneeded damage to the compressor 
blades by over saturating the incoming air.   
It can also be stated that an evaporative cooling system may not perform as 
intuition would dictate, as there may be factors influencing the evaporation of the water 
droplets that are not intuitive.  Some of the factors present in this system that would not 
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be intuitive are that the mass of water vapor present in the air is higher at higher 
temperatures for the same relative humidity, the water vapor is not equally distributed 
within the system and so evaporation occurs at varying rates throughout the control 
volume, and the time of evaporation could be greater than the time that it takes for the 
water droplets to exit the inlet.  It was found that many droplets could exit the system 
within one second of operation and so depending on the evaporation rate; many droplets 
may not evaporate within that time period.  This leads to the necessity of simulating and 
analyzing the performance of evaporative cooling systems for use in the energy 
production.        
VI. Recommendations 
 
It is clear from the results that a control system is needed in order to precisely 
control which grids are on for the varying ambient conditions.  However, there is already 
such a system in place and according to the representative from SRP.  The current control 
system is designed to over saturate the air in order to ensure that the air contains the 
maximum amount of water vapor.  This system must be changed in order to prevent 
unnecessary damage to the compressor blades and a costly repair.   
A modification to the existing system needs to be developed that activates only 
those grids that are required to reach the desired amount of water vapor in the air so that 
there will not be an over saturation of the air and cause relatively large water droplets to 
travel into the compressor stage.   In order to accurately program the modification more 
studies would need to be conducted in order to determine exactly how the water droplets 
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behave at relative humidities that are closer together.  In other words the step size 
between the relative humidities and temperatures investigated in future case studies needs 
to be smaller so that the behavior of the water droplets for each grid arrangement can be 
more precisely determined.  This will allow for a more accurate program that will be 
more capable of precisely controlling the relative humidity within the inlet and ensuring 
that the compressor is damaged as little as possible.   
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APPENDIX A 
SOLIDWORKS AND FLUENT MODEL 
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Fig. 5 Turbine Inlet geometry. 
 
 
Fig. 6 Turbine inlet geometry right side view. 
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Fig. 7 Engineering drawing of model. 
 
 
Fig. 8 Meshed turbine inlet. 
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Fig. 9 Grid arrangement of the injectors. 
 
Fig. 10 Flow rates for the different grids. 
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APPENDIX B 
NUMBER OF INJECTORS VALIDATION 
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Fig. 11 7
th
 row from the top number of injectors validation in the vertical direction. 
 
 
Fig. 12 7
th
 row from the top number of injectors validation in the vertical direction 
with standard error bars. 
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Fig. 13 7
th
 row from the top number of injectors validation depth/lengthwise 
direction. 
 
 
Fig. 14 7
th
 row from the top number of injectors validation depth/lengthwise 
direction with standard error bars. 
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Fig. 15 7
th
 row from the top number of injectors validation horizontal/widthwise 
direction. 
 
 
Fig. 16 7
th
 row from the top number of injectors validation horizontal/widthwise 
direction with standard error bars. 
 
-0.002
0
0.002
0.004
0.006
0.008
0.01
0.012
0.014
0.016
0.018
P
o
s
it
io
n
 [
m
] 
Time [s] 
7th Uppe Row Horizontal Particle Position 
5 Injector Mean
52 Injector Mean
-0.002
0
0.002
0.004
0.006
0.008
0.01
0.012
0.014
0.016
0.018
0.02
P
o
s
it
io
n
 [
m
] 
Time [s] 
7th Uppe Row Horizontal Particle Position 
5 Injector Mean
52 Injector Mean
42 
 
 Another injector validation was performed that looked at the effects of the number 
of injectors on the temperature of the exit along with how many droplets are passing 
through a plane located just downstream of the injectors.   
 
Fig. 17 52 injectors temperature contour with only grid AB on, 77
o
F, 35% relative 
humidity. 
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Fig. 18 40 injectors temperature contour with only grid AB on, 77
o
F, 35% relative 
humidity. 
 
 
Fig. 19 30 injectors temperature contour with only grid AB on, 77
o
F, 35% relative 
humidity. 
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Fig. 20 20 injectors temperature contour with only grid AB on, 77
o
F, 35% relative 
humidity. 
 
 
Fig. 21 10 injectors temperature contour with only grid AB on, 77
o
F, 35% relative 
humidity. 
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Fig. 22 10 injectors temperature contour with only grid AB on, 77
o
F, 35% relative 
humidity. 
 
 
Fig. 23 50 injectors number of particles contour, only grid AB on, 77
o
F, 35% 
relative humidity. 
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Fig. 24 40 injectors number of particles contour, only grid AB on, 77
o
F, 35% 
relative humidity. 
 
 
Fig. 25 30 injectors number of particles contour, only grid AB on, 77
o
F, 35% 
relative humidity. 
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Fig. 26 20 injectors number of particles contour, only grid AB on, 77
o
F, 35% 
relative humidity. 
 
 
Fig. 27 10 injectors number of particles contour, only grid AB on, 77
o
F, 35% 
relative humidity. 
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Fig. 28 5 injectors number of particles contour, only grid AB on, 77
o
F, 35% relative 
humidity. 
 
It can be seen in the above particle contours that the droplets are traveling through 
the same area in all of the plots, although the number of droplets traveling through these 
areas varies from one case to the next.  This is most evident in the final case with five 
injectors.  It is not surprising that each simulation has a different number of particles 
traveling through this area since every simulation is unique, however the large number of 
droplets present in the five injector simulation is unusual.  This can be partly explained 
by the fact that the Discrete random Walk Model is being used and also by the fact that as 
the number of injectors is decreased the number of droplets being injected by each nozzle 
increases.  It is clear that there is a larger number of droplets traveling through this 
examination plane, however the area of travel is not increased and the droplets are still 
traveling through the same area as in the previous cases.  However, the temperature 
contours for all of these cases is exactly the same, which shows that the droplets are 
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evaporating in the same manner despite there being slight differences in the number of 
particles at any given point in the model.  This validates the use of five injectors per row 
and also validates all of the other number of injector cases as well. 
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APPENDIX C 
TEMPERATURE VALIDATION RESULTS 
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C.1. Validation Case Study 1, Vary Inlet Temperature 
Parameters for the first simulation from the validation design of simulations 
 Data emulated from July 1st at 11:00AM from SRP plant. 
 T inlet is 99oF = 310K 
 T exit is 88oF = 304K 
 φ = 30.18% 
 Water mass fraction (mf) for 30.18% is 0.011499. 
 Only grid E is turned on. 
 SMD = 7.25 microns. 
 Steady state simulation with 200 iterations. 
 
Fig. 29 Exit temperature max around 303K, 10% relative humidity and SMD 
7.25 microns with n=5, contours of temperature at the exit of the inlet from 
FLUENT. 
 
 The results of the first validation case study are shown here for the temperature of 
the exit of the Inlet is compared to SRP's recorded data spreadsheet for the temperature of 
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the inlet to the compressor. The FLUENT models temperature at the exit is 
approximately 301.57K (83.16
o
F) which is the same temperature SRP is showing from 
the spreadsheet experimental data. The experimental data correlates very closely with the 
CFD data from FLUENT. 
 
 
Fig. 30 Labels for the spreadsheet data taken from SRP. 
 
 
Fig. 31 Spreadsheet data taken from SRP for the experimental data collection on 
July 1
st
 at 11:00AM, for the temperature of the exit of the inlet. 
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Table 5 Validation Case Study 1, Temperature values from FLUENT. 
Angle of exit 
plane 
(Degrees) 
Contour Level 
Temperature 
(K) 
Temperature 
(
o
F) 
0 27 302.34 84.54 
90 29 302.62 85.05 
180 28 302.48 84.79 
270 2 298.84 78.24 
 
C.2. Validation Case Study 2, Vary Inlet Temperature 
Parameters for the second simulation from the validation design of simulations. 
 Data emulated from July 2nd at 1:00PM from the SRP plant. 
 T inlet is 101.43oF = 311.72K 
 T exit is 76.86oF = 298.07K 
 φ = 12% 
 Water mf for 12% is .00512. 
 Only grid D and E are turned on. 
 SMD = 7.25 microns. 
 Steady state simulation with 200 iterations. 
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Fig. 32 Exit temperature min/max is 293K/298K, 12% relative humidity and 
SMD=7.25 microns with n=5, contours of the temperature at the exit of the inlet to 
the turbine from FLUENT. 
The result of the second validation case study is shown here for the temperature of 
the exit of the inlet, and is compared to SRP's recorded in their experimental data 
spreadsheet for the temperature of the inlet to the compressor. The FLUENT model’s 
temperature at the exit is approximately 296.22K (73.53
o
F), which is the same 
temperature SRP is showing from the spreadsheet experimental data. The experimental 
data correlates very closely with the CFD data from FLUENT. 
 
 
Fig. 33 Labels for the spreadsheet data from SRP. 
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Fig. 34 Spreadsheet data from SRP for the experimental data collection on July 3
rd
 
at 1:15PM for the temperature at the exit of the inlet. 
 
 
Table 6 Validation Case Study 2, temperature values from FLUENT. 
Angle of exit 
plane 
(Degrees) 
Contour Level 
Temperature 
(K) 
Temperature 
(
o
F) 
0 15 295.97 73.08 
90 24 297.46 75.86 
180 23 297.3 75.47 
270 4 294.15 69.8 
 
C.3. Validation Case Study 3, Vary Inlet Temperature 
Parameters for the first simulation from the validation design of simulations 
 Data emulated from July 3rd at 1:15PM from SRP plant. 
 T inlet is 97oF = 309K 
 T exit is 80.354oF = 300K 
 φ = 30.18% 
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 Water mass fraction (mf) for 30.18% is 0.011499. 
 Only grid C and D are turned on. 
 SMD = 7.25 microns. 
 Steady state simulation with 200 iterations. 
 
Fig. 35 Exit temperature min/max is 300K/302K, 30.18% relative humidity and 
SMD=7.25 microns with n=5, contours of temperature at the exit of the inlet from 
FLUENT. 
 
 The result of the third validation case study is shown here for the temperature of 
the exit of the inlet and is compared to SRP's recorded in their experimental data 
spreadsheet for the temperature of the inlet to the compressor. The FLUENT model’s 
temperature at the exit is approximately 300.97K (82.08
o
F) which is the same 
temperature SRP is showing from the spreadsheet experimental data. The experimental 
data correlates very closely with the CFD data from FLUENT. 
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Fig. 36 Labels for the spreadsheet data from SRP. 
 
 
Fig. 37 Spreadsheet data taken from SRP for the experimental data collection on Jul 
3
rd
 at 1:15PM for the temperature at the exit of the inlet. 
 
Table 7 Validation case study 3, temperature values from FLUENT. 
Angle of exit 
plane 
(Degrees) 
Contour Level 
Temperature 
(K) 
Temperature 
(
o
F) 
0 23 301.43 82.9 
90 9 300.63 81.46 
180 17 301.09 82.29 
270 11 300.74 81.66 
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C.4. Validation Case Study 4, Vary Inlet Temperature 
Parameters for the first simulation from the validation design of simulations 
 Data emulated from July 8th at 12:10PM from SRP plant. 
 T inlet is 100.858oF = 311.4K 
 T exit is 80.354oF = 300K 
 φ = 22.125% 
 Water mass fraction (mf) for 22.125% is 0.00935. 
 Only grid C and E are turned on. 
 SMD = 7.25 microns. 
 Steady state simulation with 200 iterations. 
 
Fig. 38 Exit temperature min/max is 299K/301K, 22% relative humidity and 
SMD=7.25 microns with n=5, contours of the temperature at the exit from 
FLUENT. 
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The result of the fourth validation case study is shown here for the temperature of 
the exit of the inlet and is compared to SRP's recorded temperature in their experimental 
data spreadsheet for the temperature of the inlet to the compressor. The FLUENT 
model’s temperature at the exit is approximately 299.9K (80.15 oF) which is the same 
temperature SRP is showing from the spreadsheet experimental data. The experimental 
data correlates very closely with the CFD data from FLUENT. 
 
 
Fig. 39 Labels for the spreadsheet data from SRP. 
 
 
Fig. 40 Spreadsheet data taken from SRP for the experimental data collection on 
July 8
th
 at 12:10PM for the temperature of the exit of the inlet. 
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Table 8 Validation case study 4, temperature values from FLUENT 
Angle of exit 
plane 
(Degrees) 
Contour Level 
Temperature 
(K) 
Temperature 
(
o
F) 
0 19 300.15 80.6 
90 4 299.15 78.8 
180 14 299.82 80.01 
270 24 300.49 81.21 
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APPENDIX D 
ALL GRIDS ON RESULTS 
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D.1. Simulation 1, Vary inlet temperature 
Parameters for the first simulation from the design of simulations. 
 T = 77oF = 298.15K 
 φ = 10% 
 Water mf = .00198 for 10% relative humidity. 
 All grids are on 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations 
 Air mf = 1-mf(water) = 1-.00198 = .99802. This is the air mass fraction at 10% 
relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discreet Phase Model (DPM) will be used heavily in the study of the two 
phase injection flow. 
 Contours of DPM for the number of particles will be looked at in order to 
determine the number of particles throughout the inlet, especially at the exit of the 
inlet. 
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Figures 41and 42 show the discreet phase model contours of the number of particles 
present at the wall of the inlet. Figure 41, shows that there are relatively few particles 
impacting the wall on the right side and that most of the particles stay near the center of 
the inlet or evaporate quickly once injected. Figure 42, shows that none of the water 
droplets travel through the exit of the inlet, which is also the inlet to the compressor. 
Figure 43, shows some representative particle tracks of some of the injectors. One can see 
that the particles injected near the wall take much longer to evaporate than those that are 
injected near the center of the duct. This is most likely due to boundary layer effects, or 
some thermodynamic property of flow within a closed space. 
 
 
Fig. 41 77
o
F, 10% relative humidity and SMD=7.25 microns, number of particles 
contour. 
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Fig. 42 77
o
F, 10% relative humidity and SMD=7.25 microns, number of particles 
contour of the exit to the inlet. 
 
 
 
Fig. 43 77
o
F, 10% relative humidity and SMD=7.25 microns, particle traces of some 
of the representative particles colored by diameter. 
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D.2. Simulation 2, Vary inlet temperature 
Parameters for the second simulation from the design of simulations. 
 T = 94oF = 307.52K 
 φ = 10% 
 Water mf = .00325 for 10% relative humidity. 
 All grids are on 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations 
 Air mf = 1-mf(water) = 1-.00325 = .99675. This is the air mass fraction at 10% 
relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discreet Phase Model (DPM) will be used heavily in the study of the two 
phase injection flow. 
 Contours of DPM for the number of particles will be looked at in order to 
determine the number of particles throughout the inlet, especially at the exit of the 
inlet. 
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Fig. 44 94
o
F, 10%b relative humidity and SMD=7.25 microns, number of particles 
contour. 
 
 
 
Fig. 45 94
o
F, 10% relative humidity and SMD=7.25 microns, number of particles 
contour of the exit of the inlet. 
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Fig. 46 94
o
F, 10% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
 
Fig. 47 94
o
F, 10% relative humidity and SMD=7.25 microns, diameter distribution 
plot for the exit of the inlet. 
DF = 28608.516 
This simulation, displays the number of particle contour for the case with 10% 
relative humidity at 94
o
F. One can see that the maximum number of particles has 
increased slightly in comparison with the previous case. The spread of the particles is 
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also different from the previous case. This could be due to the increased temperature. 
This simulation shows the number of particles contour for the exit of the inlet. One can 
see that a significant number of water droplets travel through the exit. The above plot 
shows the diameter distribution of the escaped particles. From this plot an approximation 
was made, called the damage factor, by taking the area under the curve above 20 microns. 
It was determined from [1] that droplets above this diameter will impinge upon the 
compressor blades. Figure 46, shows the particle tracks of the same representative 
particles as previously shown. It can be seen that the particles take longer to evaporate 
and that the particles closest to the wall are the most probably the particles that are 
travelling through the exit. 
 
 
D.3. Simulation 3, Vary inlet temperature 
Parameters for the third simulation from the design of simulations. 
 T = 107oF = 314.82K 
 φ = 10% 
 Water mf = .005125 for 10% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.005125=.99575, at 10% relative humidity. 
69 
 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
 
 
Fig. 48 107
o
F, 10% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
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Fig. 49 107
o
F, 10% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour at exit. 
 
 
Fig. 50 107
o
F, 10% relative humidity and SMD 7.25 microns with n=5, particle 
traces colored by particle diameter. 
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Fig. 51 107
o
F, 10% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 777742.5 
In this simulation, you can see that there density of particles is much greater than 
in the previous cases. This is due to the increase in temperature, which in turn increases 
the amount of water vapor in the air in order to keep the same relative humidity. This in 
turn causes the particles to take more time to evaporate. This can be seen in this 
simulation, as more of the particles are present when compared to the previous cases. 
This is especially true of the particles nearest the wall. The plot in Figure 51, shows the 
diameter distribution of the water droplets exiting the inlet. The corresponding damage 
factor is also shown. It is much greater than in the previous cases. 
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D.4. Simulation 4, Vary inlet temperature 
Parameters for the fourth simulation from the design of simulations. 
 T = 122oF = 323.15K 
 φ = 10% 
 Water mf = .0076 for 10% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.0076=.9924, at 10% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 52 122
o
F, 10% relative humidity and SMD 7.5 with n=5, number of particles 
contour. 
 
 
Fig. 53 122
o
F, 10% relative humidity and SMD 7.5 with n=5, number of particles 
contour at exit. 
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Fig. 54 122
o
F, 10% relative humidity and SMD 7.5 with n=5, particle traces colored 
by particle diameter. 
 
 
Fig. 55 122
o
F, 10% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 5826665 
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In this simulation Figures 52 and 53, again show the number of particles contours 
of the right side and the exit. The number of particles has increased slightly from the 
previous case in this simulation, while the number of particles has increased by roughly a 
factor of ten in this simulation, when compared to the previous case. It can be seen in this 
simulation, that the particles are taking much longer to evaporate and as such more of the 
particles are surviving long enough to travel through the exit of the inlet. This is also 
evident in Figure 55, as it shows an increase in the number of particles for each diameter. 
The damage factor has also increased from the previous case. Some conclusions that can 
be drawn from this series of simulations are that as temperature increases the time it takes 
for the water droplets to evaporate increases even with the relative humidity held 
constant. It was found that in order to keep the relative humidity constant the mass 
fraction of water within the entering air had to be adjusted for each case and that it 
increased with increasing temperature, which meant that there was more water in the air 
at higher temperatures than at lower temperatures for the same relative humidity. This 
also played a factor in the time it took for the droplets to evaporate. Another conclusion is 
that at the higher temperatures more droplets with larger diameters are present at the exit, 
when compared with the same relative humidity at a lower temperature. 
 
D.5. Simulation 5, Vary inlet temperature 
Parameters for the fifth simulation from the design of simulations. 
 T = 77oF = 298K 
 φ = 20% 
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 Water mf = .00398 for 20% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.00398=.99702, at 20% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 56 77
o
F, 20% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 57 77
o
F, 20% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of exit. 
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Fig. 58 77
o
F, 20% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
 
 Figure 56, shows the contour of the discreet phase model (DPM) colored by the 
number of particles present at the wall of the inlet.  You can see that the droplets quickly 
disburse and many of them evaporate very quickly.  Some droplets do make it past the 
elbow in the inlet, however the scaling in FLUENT does not show this aspect very well.  
Figure 57, shows the contour of the exit and there are no droplets that make it through the 
exit of the inlet, which is also the inlet area to the compressor.  One would normally 
expect to find some particles exiting the inlet because the temperature is so low.  This 
phenomenon is currently under investigation and will be discussed at a later date.  Figure 
58, shows the particle traces colored by the diameter of the particles.  Only some of the 
injected particles are shown so that one can get an idea of how the particles travel and 
behave within the inlet duct.  From this figure you can see that the particles closest to the 
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wall take the longest to evaporate.  This could be due to boundary layer effects, however 
these injectors are still a foot away from the wall, so there is another factor to this 
phenomenon.  It could be due to the difference in velocity since the air flow in toward the 
center of the duct is moving quicker than the air toward the wall of the inlet duct. 
 
D.6. Simulation 6, Vary inlet temperature 
Parameters for the sixth simulation from the design of simulations. 
 T = 94oF = 307K 
 φ = 20% 
 Water mf = .00659 for 20% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.00659=.99341, at 20% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
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 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
 
Fig. 59 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
81 
 
 
Fig. 60 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of exit. 
 
 
Fig. 61 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
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Fig. 62 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 75485 
In Figures 59 and 60, you can see that the droplets are spreading out even further 
and lasting longer, as evidenced by the increase in the number of particles exiting the 
inlet and entering the compressor. This is also reflected in Figure 61, as not only are the 
particles nearest the wall taking a relatively long time to evaporate, but so are the 
particles in the center of the inlet. This is due to the higher mass of water within the 
ambient air entering the inlet. This trend will most likely continue for the following 
simulations as well. 
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D.7. Simulation 7, Vary inlet temperature 
Parameters for the seventh simulation from the design of simulations. 
 T = 107oF = 314.82K 
 φ = 20% 
 Water mf = .0104 for 20% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.0104=.9896, at 20% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 63 107
o
F, 20% relative humidity and SMD 7.25 microns, number of particles 
contour. 
 
 
Fig. 64 107
o
F, 20% relative humidity and SMD 7.25 microns, number of particles 
contour of inlet exit. 
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Fig. 65 107
o
F, 20% relative humidity and SMD 7.25 microns, particle traces of some 
of the particles colored by particle diameter. 
 
 
Fig. 66 107
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 9867100 
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 Figure 63, again shows the contour of the number of particles.  Here it can be seen 
that the contour covers far more area than in the other two cases.  This trend is currently 
under investigation and will be discussed when the research is completed.  Figure 64, 
shows that there are far more particles travelling through the exit of the inlet.  This could 
be due to the boundary effect that was discussed earlier, however other avenues are also 
being researched in order to better explain this counter intuitive result.  Figure 65, shows 
that there are many more droplets travelling along the inlet and they are surviving much 
longer than in previous cases.  This is reflected in the exit diameter distribution plot and 
the damage factor.   
 
 
 
D.8. Simulation 8, Vary inlet temperature 
Parameters for the eighth simulation from the design of simulations. 
 T = 122oF = 323.15K 
 φ = 20% 
 Water mf = .0151 for 20% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.0151=.9849, at 20% relative humidity. 
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 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
 
 
 
Fig. 67 122
o
F, 20% relative humidity and SMD 7.25 microns, number of particles 
contour. 
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Fig. 68  122
o
F, 20% relative humidity and SMD 7.25 microns, number of particles 
contour of inlet exit. 
 
 
Fig. 69 107
o
F, 20% relative humidity and SMD 7.25 microns, particle traces of some 
of the particles colored by particle diameter. 
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Fig. 70 122
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 34822188 
 Figure 67, again shows the contour of the number of particles, however this time 
the contour covers nearly the entire area before the elbow.  Because there are many more 
particles surviving pas the elbow, many droplets travel through the exit.  The number of 
particles exiting the inlet is comparable to the number being injected into the system.  
This result seems much more questionable than the other results.  However, this case was 
simulated again and the same result was found.  Therefore, it can be deduced that when 
the temperature is 122
o
F, and the relative humidity is 20%, many droplets will be exiting 
the inlet. 
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D.9. Simulation 9, Vary inlet temperature 
Parameters for the ninth simulation from the design of simulations. 
 T = 77oF = 298K 
 φ = 27% 
 Water mf = .005193 for 27% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.005193=.994807, at 27% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
 
 
91 
 
 
Fig. 71 77
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 72 77
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of exit. 
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Fig. 73 77
o
F, 27% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
 
 
Fig. 74 77
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 26046.5 
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 Figures 71 and 72 show contours of the number of particles contours for the right 
hand side of the inlet and the exit of the inlet, which is also the inlet to the compressor.  It 
can be seen that relatively few particles are exiting the inlet and that their chance of 
causing significant damage is relatively small.  Figure 73, shows the particle traces of 
some of the particles and you can see that most of the particles evaporate long before they 
reach the exit, however as always the particles closest to the wall take the longest to 
evaporate.   
 
D.10. Simulation 10, Vary inlet temperature 
Parameters for the tenth simulation from the design of simulations. 
 T = 94oF = 307K 
 φ = 27% 
 Water mf = .009454 for 27% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.009454=.990546, at 27% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
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 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
 
 
Fig. 75 94
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
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Fig. 76 94
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of exit. 
 
 
Fig. 77 94
o
F, 27% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
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Fig. 78 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 8247075 
 Figure 75, shows nearly the same number of particles as Figure 71, which is 
expected of this view.  However, Figure 76, shows many more particles passing through 
the exit, on the order of one hundred more particles than in the previous case.  This is also 
reflected in the diameter distribution plot and the corresponding damage factor.  This is 
also reflected in Figure 77, as you can see that it takes longer for the particles to 
evaporate than in the previous case. 
 
D.11. Simulation 11, Vary inlet temperature 
Parameters for the eleventh simulation from the design of simulations. 
 T = 107oF = 314.82K 
 φ = 27% 
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 Water mf = .0143 for 27% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.0143=.9857, at 27% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 79 107
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 80 107
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of exit of inlet. 
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Fig. 81 107
o
F, 27% relative humidity and SMD 7.25 microns with n=5, temperature 
contour. 
 
 
Fig. 82 107
o
F, 27% relative humidity and SMD 7.25 microns with n=5, particle 
traces colored by particle diameter. 
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Fig. 83 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
Df = 21660732.5 
 Figures 79 and 80 are again the number of particles contour of the right hand side 
of the inlet and the exit of the inlet.  Figure 82, shows the particles being much more 
dispersed than in the previous cases, although the density is only slightly changed.  
Figure 80, shows a similar change in that the particles are much more dispersed 
throughout the area of the exit and their number is slightly increased by roughly ten.  The 
temperature contour in Figure 81, shows what the temperature is throughout the inlet 
along the center line.  You can see that around the injectors the temperature decreases 
dramatically and that decrease in temperature remains throughout the rest of the inlet.  
Again the damage factor has increased, as has the number of particles traveling through 
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the exit.  This is reflected in the particle traces in Figure 82, as the particles are taking 
longer to evaporate.   
 
D.12. Simulation 12, Vary inlet temperature 
Parameters for the twelfth simulation from the design of simulations. 
 T = 122oF = 323.15K 
 φ = 27% 
 Water mf = .0216 for 27% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.0216=.9784, at 27% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 84 122
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 85 122
o
F, 27% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of exit of inlet. 
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Fig. 86 122
o
F, 27% relative humidity and SMD 7.25 microns with n=5, temperature 
contour. 
 
 
Fig. 87 122
o
F, 27% relative humidity and SMD 7.25 microns with n=5, particle 
traces colored by particle diameter. 
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Fig. 88 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 5245900 
 Figure 84, shows the right hand side of the inlet as a contour of the number of 
particles.  You can see that the particles are much more dispersed in this case and that the 
highest density of the particles is nearly the same as in the previous cases.  Figure 85, 
shows the number of particles of the exit and it can be seen that this has increased in 
comparison with the previous case and that the particles are still greatly dispersed.  
Figure 86, is very interesting for this case because it shows that the injected particles have 
very little effect on the temperature of the air moving through the inlet.  The coolest air is 
still around the injectors, however the air then warms up again very soon after it moves 
past the injectors.  This could be because the air is a great deal warmer than the injected 
water and that the water is just having very little effect.  Again the damage factor has 
5 10 15 20 25 30 35 40 45
0
1
2
3
4
5
6
7
8
9
10
x 10
5 Case SMD 7.25 microns n=5, exit
Particle Diameter (microns)
N
u
m
b
e
r 
o
f 
p
a
rt
ic
le
s
 w
it
h
 d
ia
m
e
te
r 
d
105 
 
risen and is greater than the previous case, which is also reflected in Figure 86, and the 
diameter distribution plot.  
 
D.13. Simulation 13, Vary inlet temperature 
Parameters for the thirteenth simulation from the design of simulations. 
 T = 77oF = 298K 
 φ = 35% 
 Water mf = .0065 for 35% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.0065=.9935, at 35% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 89 77
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 90 77
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of the exit of the inlet. 
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Fig. 91 77
o
F, 35% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
 
 
Fig. 92 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 4431480 
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 It can be seen in Figure 91, that 35%  relative humidity allows the droplets to 
survive the longest and as always it can be seen that the droplets nearest the wall survive 
the longest.  Figures 89 and 90, show the number of particles contour and it can be seen 
that many particles are exiting the inlet.  In fact the number of particles exiting the inlet 
are only two orders of magnitude below the number of particles impinging on the wall 
near the injectors.  The damage factor for this case is also the highest among all of the 
77
o
F cases.   
 
D.14. Simulation 14, Vary inlet temperature 
Parameters for the fourteenth simulation from the design of simulations. 
 T = 94oF = 307K 
 φ = 35% 
 Water mf = .01225 for 35% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.01225=.98775, at 35% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
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 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
 
 
Fig. 93 94
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
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Fig. 94 94
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour of the exit of the inlet. 
 
 
Fig. 95 94
o
F, 35% relative humidity and SMD 7.25 microns with n=5, particle traces 
colored by particle diameter. 
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Fig. 96 94
o
F, 20% relative humidity and SMD 7.25 microns with n=5, 
diameter distribution plot for the exit of the inlet. 
DF = 14462550 
Figures 93 and 94, show even more droplets present at the wall and exiting the 
outlet of the inlet.  Also it can be seen that the exiting droplets are more spread out than 
in the previous case.  Figure 95, shows that many droplets are surviving past the elbow 
and are making it to the exit.  This is also reflected in the exit contour figure because the 
number of particles exiting the inlet are roughly one order of magnitude below those 
impinging on the wall near the injectors.   
 
D.15. Simulation 15, Vary inlet temperature 
Parameters for the fifteenth simulation from the design of simulations. 
 T = 107oF = 314.82K 
 φ = 35% 
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 Water mf = .01725 for 35% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.01725=.98275, at 35% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 97 107
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 98 107
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour, of the exit of the inlet. 
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Fig. 99 107
o
F, 35% relative humidity and SMD 7.25 microns with n=5, particle 
traces colored by particle diameter. 
 
 
Fig. 100 107
o
F, 35% relative humidity and SMD 7.25 microns with n=5, 
temperature contour. 
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Fig. 101 107
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
Df = 51289702.5 
Figures 97and 98, show that the particles are much more spread out than in any 
previous case.  This leads to the conclusion that the droplets are taking much longer to 
evaporate than in any other case.  This is reflected in the particle traces figure and the 
diameter distribution figure.  These both show that the particles are taking much longer to 
fully evaporate.  This leads to a very high damage factor. It can also be seen that there are 
many droplets below the critical diameter.   
 
D.16. Simulation 16, Vary inlet temperature 
Parameters for the sixteenth simulation from the design of simulations. 
 T = 122oF = 314.82K 
 φ = 35% 
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 Water mf = .028 for 35% relative humidity. 
 All grids are ON. 
 SMD = 7.25 microns 
 Steady state simulation with 200 iterations. 
 Air mf = 1-.028=.972, at 35% relative humidity. 
 When the temperature is greater than 100oF it was necessary to use a 
psychometric chart from a thermodynamics book in order to determine the correct 
water mf. 
 Water mf = (specific humidity)/100 
 The Discrete Phase Model (DPM) will be used heavily in this study of a two 
phase injection flow. 
 Contours of the DPM number of particles will be analyzed in order to determine 
the number of particles throughout the inlet, especially at the exit. 
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Fig. 102 122
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour. 
 
 
Fig. 103 122
o
F, 35% relative humidity and SMD 7.25 microns with n=5, number of 
particles contour, of the exit of the inlet. 
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Fig. 104 122
o
F, 35% relative humidity and SMD 7.25 microns with n=5, 
temperature contour. 
 
 
Fig. 105 122
o
F, 35% relative humidity and SMD 7.25 microns with n=5, particle 
traces colored by particle diameter. 
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Fig. 106 122
o
F, 20% relative humidity and SMD 7.25 microns with n=5, diameter 
distribution plot for the exit of the inlet. 
DF = 83090798.55 
 In Figures 102 and 103, it can be seen that the droplets are covering much more 
area than in any of the other cases and that, while only a few more are exiting the inlet 
they are much more spread out.  Figure 104, shows the temperature contour for this case 
and the lowest temperature is located at the injectors.  However, the area covered by this 
low temperature is much less than in the previous cases.  Figure 105, shows the path 
some of the particles are traveling and you can even see the shape of the exit of the inlet 
in this figure.  This leads to the conclusion that this case has the slowest evaporation rate 
out of all of the cases simulated in this study, as well as the highest damage factor.   
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APPENDIX E 
GRID VARIATION RESULTS 
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 The images in this appendix show the number of particles contour plots for the 
grid variation cases and compares them to that of the original case where all of the grids 
were utilized.  The all grids case is shown first and then the grid variation cases in order 
of increasing number of rows.   
 
Fig. 107 107
o
F, 10% relative humidity with ALL grids ON number of particles 
contour at exit (28 rows). 
 
 
122 
 
Fig. 108 107
o
F, 10% relative humidity grids C & D comparison number of particles 
contour at exit (11 rows). 
 
 
Fig. 109 107
o
F, 10% relative humidity grids C & D true number of particles contour 
at exit (11 rows). 
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Fig. 110 107
o
F, 10% relative humidity grids E comparison number of particles 
contour at exit (14 rows). 
 
 
Fig. 111 107
o
F, 10% relative humidity grids E true number of particles contour at 
exit (14 rows). 
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Fig. 112 107
o
F, 10% relative humidity grids C & E comparison number of particles 
contour at exit (18 rows). 
 
 
Fig. 113 107
o
F, 10% relative humidity grids C & E true number of particles contour 
at exit (18 rows). 
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Fig. 114 107
o
F, 20% relative humidity with ALL grids ON number of particles 
contour at exit (28 rows). 
 
 
Fig. 115 107
o
F, 20% relative humidity with grids C & D comparison number of 
particles contour at exit (11 rows). 
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Fig. 116 107
o
F, 20% relative humidity with grids C & D true number of particles 
contour at exit (11 rows). 
 
 
Fig. 117 107
o
F, 20% relative humidity with grid E comparison number of particles 
contour at exit (14 rows). 
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Fig. 118 107
o
F, 20% relative humidity with grid C & E comparison number of 
particles contour at exit (18 rows). 
 
 
Fig. 119 107
o
F, 20% relative humidity with grid D & E comparison number of 
particles contour at exit (21 rows). 
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Fig. 120 107
o
F, 27% relative humidity with ALL grids ON number of particles 
contour at exit (28 rows). 
 
 
Fig. 121 107
o
F, 27% relative humidity with grids C & D comparison number of 
particles contour at exit (11 rows). 
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Fig. 122 107
o
F, 27% relative humidity with grids C & D true number of particles 
contour at exit (11 rows). 
 
 
Fig. 123 107
o
F, 27% relative humidity with grid E true number of particles contour 
at exit (14 rows). 
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Fig. 124 107
o
F, 27% relative humidity with grid C & E true number of particles 
contour at exit (18 rows). 
 
 
Fig. 125 107
o
F, 27% relative humidity grids D & E comparison number of particles 
contour at exit (21 rows). 
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Fig. 126 107
o
F, 35% relative humidity with ALL grids ON number of particles 
contour at exit (28 rows) Mass Outflow = 0.00133129 kg/s. 
 
 
Fig. 127 107
o
F, 35% relative humidity grids C & D comparison number of particles 
contour at exit (11 rows) Mass Outflow = 0.0007691 kg/s. 
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Fig. 128 107
o
F, 35% relative humidity grid E comparison number of particles 
contour at exit (14 rows) Mass Outflow = 0.00111047 kg/s. 
 
 
Fig. 129 107
o
F, 35% relative humidity grids C & E comparison number of particles 
contour at exit (18 rows) Mass Outflow = 0.0012281 kg/s. 
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Fig. 130 107
o
F, 35% relative humidity grids D & E comparison number of particles 
contour at exit (21 rows) Mass Outflow = 0.0010144 kg/s. 
 
The above figure is interesting because even though the number of particles through the 
exit is increasing the mass flow rate has actually decreased in comparison to the previous 
cases.  So this will cause the kinetic damage factor to still be high, even though the mass 
flow has decreased.   
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Fig. 131 Number of droplets plot for 107
o
F, 10% relative humidity. 
 
 
Fig. 132 Number of droplets plot for 107
o
F, 20% relative humidity. 
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Fig. 133 Number of droplets plot for 107
o
F, 27% relative humidity. 
 
 
Fig. 134 Number of droplets plot for 107
o
F, 35% relative humidity. 
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APPENDIX F 
EVAPORATION SUPPORT DATA AND VALIDATION 
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Fig. 135 Change in the mass fraction of water vapor in the air with temperature. 
 
Fig. 136 Change in mass fraction of water vapor in air with change in temperature 
and lines of pressure. 
 
 The above image was taken from the engineering toolbox website in order to 
show the variation of evaporation with both pressure and temperature. 
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Fig. 137 Mass loss rate with a constant water vapor mass fraction. 
 The above figure was calculated using a series of equations found while 
researching the topic of evaporation.  This shows how evaporation rate changes with 
changing temperature for a constant mass fraction of water vapor in the air, which is 
different from a constant relative humidity.  The dashed equilibrium rate line is the rate of 
evaporation when the injected water and air are at the same temperature. The equations 
used are equations 34 and 35 [5]. 
                             (34) 
     
  (    )
    
  (35) 
     
       
    
 (36) 
The difference between Equations 13 and 14 is that Equation 13 is when the water and 
the air are the same temperature and Equation 14 is when they are not at the same 
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temperature.  Here M is the mass of the droplet, d is the diameter of the droplet, DH2O is 
the diffusivity constant for water, and    is the change in saturation concentration of 
water vapor.  In Equations 13 and 14, Cs saturation concentration of water vapor, CH2O is 
the saturation concentration of water at a specified temperature,   is the saturation 
concentration of water vapor in the ambient air, and    is the saturation molar fraction.  
All of the saturation concentrations and the diffusivity constant vary with temperature. 
 
Fig. 138 Mass loss rate with varying relative humidity. 
 The above figure shows how the mass loss rate changes with changing relative 
humidity.  You can see that as the relative humidity is increased the mass loss decreases, 
especially at the larger droplet diameters.   
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Fig. 139 Evaporation validation number of droplets plot. 
 
The above plot shows the number of particles for the three evaporation validation 
cases that were performed.  It can be seen that the area under the curves past the 20 
micron line decrease. You can see that the peaks of these curves follow the expected 
pattern of decreasing with increasing temperature.  However, the lower bound of each 
line is different.  This could be because of the Random Walk Model employed by the 
Discrete Phase Model, so that the droplets never travel the same path.  It should be noted 
that for this validation the mass fraction of water vapor was held constant for all three 
cases. 
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Fig. 140 Evaporation damage factor plot. 
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APPENDIX G 
FLUENT SET-UP GUIDE 
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 The images in this appendix show the steps taken to set up the simulation for the 
inlet to the compressor. A detailed explanation has already been given in the Methods 
section so this is just supplemental material so that the explanation may be better 
understood.  Here in the main FLUENT user interface you can see the general set-up of 
the model and the types of solvers that are being used. 
 
Fig. 141 FLUENT user interface screen. 
 
 In the next image you can see the various models that were utilized in order to 
accurately simulate the flow in the real world inlet.  The first model that was set up was 
the viscous model and then the species model and discrete phase model. 
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Fig. 142 FLUENT models set-up section. 
 
 
Fig. 143 Viscous model set-up screen. 
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Fig. 144 Species model main set-up screen. 
 
 In order to get to the secondary screen shown below you must click on the edit 
button next to the Mixture Material selection.   
 
Fig. 145 Species model edit material screen. 
 
 In order to get to the screen below you must click on the edit button next to the 
Mixture Species.  Here in the species edit terminal you can chose which of the available 
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species will be used in the simulation.  The mixture template was changed from the 
default to the one shown below. 
 
Fig. 146 Species model mixture edit screen. 
 
 The discrete phase model is important for characterizing the behavior of the 
injected droplets and how often the results are updated.  There are also several tabs that 
need to be defined in order for the simulation to be accurate. 
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Fig. 147 Discrete Phase Model set-up screen. 
 
 
Fig. 148 Discrete Phase Model, physical models tab set-up. 
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 The image below shows the materials used in the simulation and how they are 
being utilized.   
 
Fig. 149 Materials screen showing the materials used in the simulation. 
 
 The image shown below is the menu for the Boundary Conditions set-up.  Here 
you can see that the inlet to the inlet of the turbine is defined as a mass flow inlet, which 
requires many inputs form the user as seen in the mass flow inlet screen.   
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Fig. 150 Boundary conditions screen showing the boundaries that can be set. 
 
 
Fig. 151 Mass-Flow inlet set-up screen. 
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 The image below shows the species definition of the flow entering the inlet.  It is 
defined here, by mass fraction of air and then FLUENT calculated internally the mass 
fraction of water vapor present in the incoming flow. 
 
Fig. 152 Mass-Flow inlet species tab. 
 
 
Fig. 153 Boundary conditions screen showing outlet type. 
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 The above image shows the type of outlet the outlet to the inlet of the turbine.  As 
you can see the type is outflow, which is appropriate for this simulation since the fluid 
flows into the compressor, and so it is the outflow of the inlet. 
 
Fig. 154 Wall/Silencer set-up screen. 
 
 The image above and the three images below show the set-up screens for the wall 
and the silencers.  These two items are treated the same because functionally they are the 
same.  The silencers merely act as guide vanes for the incoming flow and can be treated 
as part of the wall, since air cannot pass through them and they are not interacting with 
the flow in any other way.   
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Fig. 155 Wall/Silencer DPM set-up screen. 
 
 
Fig. 156 Wall/Silencer Thermal set-up tab. 
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Fig. 157 Wall/Silencer Species set-up tab. 
 
 The image below shows the main injection terminal and the options the user is 
given.  This is where you can create the injectors and then define many aspects of the 
created injector.  These different options are shown in subsequent images below.   
 
Fig. 158 Injections set-up screen. 
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 The below image shows that the type of injector chosen was a solid-cone injector 
and that 8 particle streams are being injected by the injected.  The number 8 was chosen 
because this also determines the number of particles that FLUENT will track through the 
simulation, so in order to reduce the intensity of the computation and the time required 
for the simulation to run 40 injection streams were defined for each row.  The top 6 rows 
of injectors were each defined to have twenty injectors.  This includes the top three E 
rows, the top two D rows, and the top C row.  These rows were forced to have twenty 
injectors because that was the reduced number of injectors that most closely resembled 
the droplet behavior of the full fifty two injectors.   
 
Fig. 159 Injector edit screen. 
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Fig. 160 Injector edit screen with different point properties. 
 
 
Fig. 161 Injector edit screen with final point properties shown. 
156 
 
 The table below shows all of the information necessary to set-up all of the rows of 
injectors.  The y=0 line is the center-line of the main horizontal duct, which is why the 
lowest row locations are negative.   
Table 9 Information used for the various grids. 
Grid Δx for 5 
nozzle 
Rows 
(mm) 
Δx for 20 
nozzle 
Rows 
(mm) 
Δy 
(mm) 
Lowest 
row 
location 
(mm) 
Droplet 
Velocity 
(m/s) 
Mass flow 
5 nozzle rows 
(kg/s) 
Mass flow 
20 nozzle 
rows (kg/s) 
A/B 1986 418.105 856 -909.4 15.045 .008411133 N/A 
C 1986 418.105 856 -1337 33.855 .01892708 .004731771 
D 1986 418.105 428 -1123.4 58.0365 .03244637 .008111593 
E 1986 418.105 214.2 -1444.6 41.915 .0234335 .005858375 
 
 The figures below show the solution methods used in the simulation, most of 
which are typical for a fluid simulation.   
 
Fig. 162 Solution methods set-up screen. 
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Fig. 163 Solutions methods set-up screen continued. 
 
 The figure below shows the set-up screen for the residuals, which can be thought 
of as the possible error in the simulation; the lower the residuals the more believable the 
solution.  This screen shows that all of the residuals convergence criteria was set to 10
-6
, 
which is an acceptable convergence criterion. 
 
Fig. 164 Residual monitors set-up screen. 
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 The image below shows the solution initialization screen.  All simulations were 
initialized with respect to the inlet, as shown in the image.  This is important because if 
the simulation is initialized with respect to a random point, than the solution is not 
credible or useful.   
 
Fig. 165 Solution initialization screen. 
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function DataReader 
  
%used to read and pick out data from simulation data files 
  
clear all 
close all 
clc 
  
a = xlsread('Particle Diameter 122 76.xlsx'); 
  
b = size(a); 
c = zeros(b(1),1); 
for i = 1:b(1) 
    c(i) = a(i,2)*10^6; 
end 
  
a2 = xlsread('Particle Position 122 76.xlsx'); 
  
for i = 1:b(1) 
    c2(i) = a2(i,2); 
end 
  
a3 = xlsread('Particle Velocity 122 76.xlsx'); 
  
for i = 1:b(1) 
    c3(i) = a3(i,2); 
end 
j = 1; 
for i = 1:b(1) 
    if c2(i) < -17.0 
        if c(i) < 41 && c(i) > 5 
        d(j,1) = c2(i); 
        d(j,2) = c(i); 
        d(j,3) = c3(i); 
        j=j+1; 
        end 
    end 
end 
  
D = d; 
V = D(:,3); 
Dmin = min(D(:,2)) 
Dmax = max(D(:,2)) 
Vmin = min(V) 
Vmax = max(V) 
E = sum(D(:,2))/length(D(:,2)) 
 
 
function MassLoss 
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clear all 
close all 
clc 
  
C1 = 1.3215; %mol/m^3, saturation concentration of water vapor 
C2 = 2.147; 
C3 = 3.23426; 
C4 = 4.8353; 
Cw = 1.47; 
  
E1 = .03247; %saturation molar fraction 
E2 = .054256; 
E3 = .0817378657; 
E4 = .1219562141; 
Ee = .036234; 
  
D1 = 25.1e-6; %m^2/s, diffusivity coefficient 
D2 = 26.68e-6; 
D3 = 28.32e-6; 
D4 = 30.8e-6; 
  
M = 18.0153e-3; %kg/mol, molecular weight 
  
% 10 percent RH 
dC1 = (Cw-.1*C1)/(1-E1); 
dC2 = (Cw-.0578445337*C2)/(1-E2); 
dC3 = (Cw-.0366335406*C3)/(1-E3); 
dC4 = (Cw-.0232243523*C4)/(1-E4); 
  
% 20 percent RH 
dC3a = (Cw-.0366335406*2*C3)/(1-E3); 
% 27 percent RH 
dC3b = (Cw-.0366335406*2.7*C3)/(1-E3); 
% 35 percent RH 
dC3c = (Cw-.0366335406*3.5*C3)/(1-E3); 
  
dCe1 = Cw*(1-.1)/(1-Ee); 
  
d = linspace(0,20,100)*10^-6; 
  
ml1 = 2.*pi.*M.*d.*D1.*dC1; %mass lose rate equation (kg/s) 
ml2 = 2.*pi.*M.*d.*D2.*dC2; 
ml3 = 2.*pi.*M.*d.*D3.*dC3; 
ml3a = 2.*pi.*M.*d.*D3.*dC3a; 
ml3b = 2.*pi.*M.*d.*D3.*dC3b; 
ml3c = 2.*pi.*M.*d.*D3.*dC3c; 
ml4 = 2.*pi.*M.*d.*D4.*dC4; 
  
mle1 = 2.*pi.*M.*d.*D1.*dCe1; 
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Ml1 = (12*D1*M*dC1)./(d.^2.*1000); %body mass loss rate equation (body 
masses/s) 
Ml2 = (12*D2*M*dC2)./(d.^2.*1000); 
Ml3 = (12*D3*M*dC3)./(d.^2.*1000); 
Ml3a = (12*D3*M*dC3a)./(d.^2.*1000); 
Ml3b = (12*D3*M*dC3b)./(d.^2.*1000); 
Ml3c = (12*D3*M*dC3c)./(d.^2.*1000); 
Ml4 = (12*D4*M*dC4)./(d.^2.*1000); 
  
Mle1 = (12*D1*M*dCe1)./(d.^2.*1000); 
  
plot(d,ml1,d,ml2,'g',d,ml3,'r',d,ml4,'c',d,mle1,'--') 
legend('77^oF, init. rate','94^oF, init. rate','107^oF, init. 
rate','122^oF, init. rate','equil. rate') 
xlabel('Droplet Diameter (m)') 
ylabel('Mass Loss (kg/s)') 
title('Mass Loss Rate w=.00201746') 
  
figure(2) 
plot(d,Ml1,d,Ml2,'g',d,Ml3,'r',d,Ml4,'c',d,Mle1,'--') 
legend('77^oF, init. rate','94^oF, init. rate','107^oF, init. 
rate','122^oF, init. rate','equil. rate') 
xlabel('Droplet Diameter (m)') 
ylabel('Relative Rate of Mass Loss, Body Masses per Second') 
title('Mass Loss Rate w=.00201746') 
  
figure(3) 
plot(d,ml3,d,ml3a,'g',d,ml3b,'r',d,ml3c,'c') 
legend('107^oF, 10% RH, init. rate','107^oF, 20% RH, init. 
rate','107^oF, 27% RH, init. rate','107^oF, 35% RH, init. rate') 
xlabel('Droplet Diameter (m)') 
ylabel('Mass Loss (kg/s)') 
title('Mass Loss Rate') 
  
figure(4) 
plot(d,Ml3,d,Ml3a,'g',d,Ml3b,'r',d,Ml3c,'c') 
legend('107^oF, 10% RH, init. rate','107^oF, 20% RH, init. 
rate','107^oF, 27% RH, init. rate','107^oF, 35% RH, init. rate') 
xlabel('Droplet Diameter (m)') 
ylabel('Relative Rate of Mass Loss, Body Masses per Second') 
title('Body Mass Loss Rate') 
 
function ConstWaterMassPartDist 
  
clear all 
close all 
clc 
  
%%%%%%%% 
%T = 94% 
%%%%%%%% 
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x2=linspace(9.8405,38.8172,100); %range of diameter values 
n=5; %spread parameter 
X=22.3128; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x2(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*5.51096e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_94(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_94(k) = M(k)/(p*(((x2(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
%%%%%%%%% 
%T = 107% 
%%%%%%%%% 
  
x3=linspace(8.1827,39.3832,100); %range of diameter values 
n=5; %spread parameter 
X=22.7154; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x3(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
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    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*4.8694e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_107(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_107(k) = M(k)/(p*(((x3(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
%%%%%%%%% 
%T = 122% 
%%%%%%%%% 
  
x4=linspace(8.817,39.5833,100); %range of diameter values 
n=5; %spread parameter 
X=22.8215; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x4(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.11029e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_122(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_122(k) = M(k)/(p*(((x4(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
P = ones(100,1); 
Q = 20.*P; 
figure(4) 
plot(x2,N_94,x3,N_107,x4,N_122) 
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hold on 
plot(Q,N_122,'k--') 
title('Droplet Diameter Distribution w=.0076, exit') 
xlabel('Particle Diameter (microns)') 
ylabel('Number of particles with diameter d') 
legend('94^oF','107^oF','122^oF') 
 
function DamageFactor 
  
clear all 
close all 
clc 
  
% 10 percent humidity 
  
a = 0; %damage factors from the individual cases 
b = 28609*10^-6; %the log base 10 is taken so that all of the damage  
c = 777743*10^-6; %factors fit on the plot and it is easier to 
understand 
d = 5826665*10^-6; 
  
Ten = [a b c d]; %building the damage factor vector 
T = [77 94 107 122]; %Temperature in degrees farenheit 
  
%20 percent relative humidity 
  
e = 0; 
f = 75485*10^-6; 
g = 9867100*10^-6; 
h = 34822188*10^-6; 
  
Twenty = [e f g h]; 
  
%27 percent relative humidity 
  
j = 26046.5*10^-6; 
k = 8247075*10^-6; 
l = 21660732.5*10^-6; 
m = 52459000*10^-6; 
  
TS = [j k l m]; 
  
%35 percent relative humidity 
  
n = 4431480*10^-6; 
p = 14462550*10^-6; 
q = 51289702.5*10^-6; 
r = 83090798.55*10^-6; 
  
TF = [n p q r]; 
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%Validation 
aa = 7719312.5*10^-6; %validation damage factor for constant specific 
bb = 5355757.5*10^-6; %humidity 
cc = 3913177.5*10^-6; 
  
Val = [aa bb cc]; %validation damage factor vector 
Tv = [94 107 122]; 
  
plot(T,Ten,T,Twenty,T,TS,T,TF) 
xlabel('Temperature (^oF)') 
ylabel('D_F') 
title('Damage Factor Plot') 
legend('10% RH','20% RH','27% RH','35% RH') 
  
figure(2) 
plot(Tv,Val) 
xlabel('Temperature(^oF)') 
ylabel('D_F') 
title('Damage Factor Validation Plot') 
legend('m_f=.0076') 
  
  
% T = 77 degrees farenheit 
  
a = 0; %damage factors from the individual cases 
e = 0; 
j = 26046.5*10^-6; %the log base 10 is taken so that all of the damage  
n = 4431480*10^-6; %factors fit on the plot and it is easier to 
understand 
  
T1 = [a e j n]; %building the damage factor vector 
phi = [10 20 27 35]; %Temperature in degrees farenheit 
  
% T = 94 degrees F 
  
b = 28609*10^-6;  
f = 75485*10^-6; 
k = 8247075*10^-6; 
p = 14462550*10^-6; 
  
T2 = [b f k p]; 
  
%T = 107 degrees F 
  
c = 777743*10^-6;  
g = 9867100*10^-6; 
l = 21660732.5*10^-6; 
q = 51289702.5*10^-6; 
  
T3 = [c g l q]; 
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%35 percent relative humidity 
  
d = 5826665*10^-6; 
h = 34822188*10^-6; 
m = 52459000*10^-6; 
r = 83090798.55*10^-6; 
  
T4 = [d h m r]; 
  
figure(3) 
plot(phi,T1,phi,T2,phi,T3,phi,T4) 
xlabel('Relative Humidity (%)') 
ylabel('D_F') 
% title('Damage Factor Plot') 
legend('77^oF','94^oF','107^oF','122^oF') 
 
 
function KineticDamageFactor 
  
clear all 
close all 
clc 
  
%Case 94^oF 20 percent RH 
x=linspace(16,40,100); %range of diameter values 
n=5; %spread parameter 
X=25.04414; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*2.9355e-6; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
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    end 
    k=k+1; 
end 
i=17; 
T = 94; %degrees F 
for i = 17:100 
    D(i) = x(i)*10^-6; 
    if i<19 
        V(i) = 162.282; 
    elseif i<34 
        V(i) = 162.282-(i-19)*(13/15); 
    elseif i<42 
        V(i) = 149.005+(i-34)*(9/8); 
    elseif i<50 
        V(i) = 158-(i-42)*(8.5/14); 
    elseif i<55 
        V(i) = 152; 
    elseif i<65 
        V(i) = 152+(i-55)*(29/10); 
    elseif i<81 
        V(i) = 181-(i-65)*(33/16); 
    else 
        V(i) = 147+(i-81)*(2); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
    i=i+1; 
end 
  
Df20_1 = sum(K); 
  
%Case 107^oF 20 percent RH 
x=linspace(16,45,100); %range of diameter values 
n=5; %spread parameter 
X=25.04414; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*5.98e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
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    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
i=17; 
T = 94; %degrees F 
for i = 17:100 
    D(i) = x(i)*10^-6; 
    if i<=22 
        V(i) = 170.589; 
    elseif i<=25 
        V(i) = 191.77-(i-22)*(7); 
    elseif i <= 26 
        V(i) = 174.124; 
    elseif i<=32 
        V(i) = 174.124+(i-26)*(2/6); 
    elseif i<=50 
        V(i) = 176.087-(i-32)*(6/18); 
    elseif i<=51 
        V(i) = 167.985; 
    elseif i<=54 
        V(i) = 167.985+(i-51)*(40/3); 
    elseif i<=55 
        V(i) = 178.88; 
    elseif i<=56 
        V(i) = 179.895; 
    elseif i<=60 
        V(i) = 179.895+(i-56)*(8/4); 
    elseif i<=61 
        V(i) = 200.8; 
    elseif i<=62 
        V(i) = 182.65; 
    elseif i<=80 
        V(i) = 182.65-(i-62)*(32/18); 
    elseif i<=82 
        V(i) = 150.378+(i-80)*(36/2); 
    elseif i<=83 
        V(i) = 192.688; 
    elseif i<=88 
        V(i) = 192.688-(i-83)*(34/5); 
    elseif i<=90 
        V(i) = 156.859-(i-88)*(7/2); 
    elseif i<=99 
        V(i) = 149.126+(i-90)*(31/9); 
    else 
        V(i) = 165.5; 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
    i=i+1; 
end 
  
Df20_2 = sum(K); 
%Case 122^oF 20 percent RH 
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x=linspace(7,45,100); %range of diameter values 
n=5; %spread parameter 
X=25.04414; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.06927e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
T = 94; %degrees F 
for i = 36:100 
    D(i) = x(i)*10^-6; 
    if i<=36 
        V(i) = 195.2; 
    elseif i<=38 
        V(i) = 195.2-(i-36)*(11/2); 
    elseif i <= 40 
        V(i) = 184+(i-38)*(5/2); 
    elseif i<=43 
        V(i) = 189+(i-40)*(11.5/3); 
    elseif i<=46 
        V(i) = 200.5-(i-40)*(20/6); 
    elseif i<=54 
        V(i) = 184.4-(i-46)*(4/8); 
    elseif i<=56 
        V(i) = 180.5+(i-54)*(13/2); 
    elseif i<=59 
        V(i) = 193.7+(i-56)*(5/3); 
    elseif i<=64 
        V(i) = 198.6-(i-59)*(10.4/5); 
    elseif i<=69 
        V(i) = 187.2-(i-64)*(2/5); 
    elseif i<=72 
        V(i) = 185.2-(i-69)*(6.5/3); 
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    elseif i<=75 
        V(i) = 178.653-(i-72)*(7/3); 
    elseif i<=77 
        V(i) = 171.6+(i-75)*(1/2); 
    elseif i<=83 
        V(i) = 1172.3+(i-77)*(20.7/6); 
    elseif i<=85 
        V(i) = 193+(i-83)*(7.9/2); 
    elseif i<=93 
        V(i) = 200.9-(i-85)*(17/8); 
    elseif i<=98 
        V(i) = 183.9-(i-93)*(1/5); 
    elseif i<=100 
        V(i) = 182.9-(i-98)*(6.4/2); 
    else 
        V(i) = 165.5; 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
    i=i+1; 
end 
  
Df20_3 = sum(K); 
  
T = [77 94 107 122]; 
Df20 = [0 Df20_1 Df20_2 Df20_3]; 
e = 0; 
f = 75485*10^-6; 
g = 9867100*10^-6; 
h = 34822188*10^-6; 
  
Twenty = [e f g h]; 
plot(T,Df20,T,Twenty) 
legend('Df_K','Df') 
xlabel('Temperature(^oF)') 
ylabel('D_F_K') 
% title('Kinetic Damage Factor Plot 20% Relative Humidity') 
 
function GridParticleDistribution 
  
clear all 
close all 
clc 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%10 percent relative humidity 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
%%%%%%%%%%%%% 
%Grids C & D& 
%%%%%%%%%%%%% 
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N_CD_10 = 0; 
  
  
%%%%%%%% 
%Grid E% 
%%%%%%%% 
  
N_E_10 = 0; 
  
  
%%%%%%%%%%%%% 
%Grids C & E% 
%%%%%%%%%%%%% 
  
N_CE_10 = 0; 
  
  
%%%%%%%%%%%%% 
%Grids D & E% 
%%%%%%%%%%%%% 
  
x1=linspace(10,30,100); %range of diameter values 
n=5; %spread parameter 
X=21.3556; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x1(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.600981e-6; %finding the total mass at a given diameter 
    if M(k)==0 
        N_DE_10(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_DE_10(k) = M(k)/(p*(((x1(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
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%%%%%%%%%%% 
%All Grids% 
%%%%%%%%%%% 
  
x2=linspace(10,30,100); %range of diameter values 
n=5; %spread parameter 
X=20.693; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x2(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*4.2199e-5; %finding the total mass at a given diameter 
    if M(k)==0 
        N_ALL_10(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_ALL_10(k) = M(k)/(p*(((x2(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
t = length(x1); 
W = zeros(1,t); 
N_CD_10 = N_CD_10*W; 
N_E_10 = N_E_10*W; 
N_CE_10 = N_CE_10*W; 
  
P = ones(100,1); 
Q = 20.*P; 
figure 
plot(x1,N_CD_10,x1,N_E_10,x1,N_CE_10,x1,N_DE_10,x2,N_ALL_10) 
hold on 
plot(Q,N_ALL_10,'k--') 
title('Droplet Distribution T_i_n=107^oF, 10% Relative Humidity, exit') 
xlabel('Particle Diameter (microns)') 
ylabel('Number of particles with diameter d') 
legend('Grids C&D','Grid E','Grids C&E','Grids D&E','ALL Grids') 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
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%20 percent relative humidity 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
%%%%%%%%%%%%% 
%Grids C & D& 
%%%%%%%%%%%%% 
  
x1=linspace(6,19,100); %range of diameter values 
n=5; %spread parameter 
X=14.0157; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x1(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*2.27304e-6; %finding the total mass at a given diameter 
    if M(k)==0 
        N_CD_20(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_CD_20(k) = M(k)/(p*(((x1(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
  
%%%%%%%% 
%Grid E% 
%%%%%%%% 
  
x2=linspace(7.96,20.753,100); %range of diameter values 
n=5; %spread parameter 
X=14.2569; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x2(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
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    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*5.9046e-5; %finding the total mass at a given diameter 
    if M(k)==0 
        N_E_20(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_E_20(k) = M(k)/(p*(((x2(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
  
%%%%%%%%%%%%% 
%Grids C & E% 
%%%%%%%%%%%%% 
  
x3=linspace(9.4,25,100); %range of diameter values 
n=5; %spread parameter 
X=16.9135; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x3(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.43669e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_CE_20(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_CE_20(k) = M(k)/(p*(((x3(k)*10^-6)/2)^3*(4/3)*pi)); 
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    end 
    k=k+1; 
end 
  
  
%%%%%%%%%%%%% 
%Grids D & E% 
%%%%%%%%%%%%% 
  
x4=linspace(9.24,31.8,100); %range of diameter values 
n=5; %spread parameter 
X=18.6886; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x4(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.7532e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_DE_20(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_DE_20(k) = M(k)/(p*(((x4(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
%%%%%%%%%%% 
%All Grids% 
%%%%%%%%%%% 
  
x5=linspace(6.1032,39.5889,100); %range of diameter values 
n=5; %spread parameter 
X=23.0506; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x5(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
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    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*5.98e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_AL_20(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_ALL_20(k) = M(k)/(p*(((x5(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
P = ones(100,1); 
Q = 20.*P; 
figure(2) 
plot(x1,N_CD_20,x2,N_E_20,x3,N_CE_20,x4,N_DE_20,x5,N_ALL_20) 
hold on 
plot(Q,N_ALL_20,'k--') 
title('Droplet Distribution T_i_n=107^oF, 20% Relative Humidity, exit') 
xlabel('Particle Diameter (microns)') 
ylabel('Number of particles with diameter d') 
legend('Grids C&D','Grid E','Grids C&E','Grids D&E','ALL Grids') 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%27 percent relative humidity 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
%%%%%%%%%%%%% 
%Grids C & D& 
%%%%%%%%%%%%% 
  
x1=linspace(6.4937,38.1959,100); %range of diameter values 
n=5; %spread parameter 
X=15.489; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x1(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
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end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.28597e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_CD_27(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_CD_27(k) = M(k)/(p*(((x1(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
  
%%%%%%%% 
%Grid E% 
%%%%%%%% 
  
x2=linspace(6.9,37.8709,100); %range of diameter values 
n=5; %spread parameter 
X=17.2569; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x2(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*2.83885e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_E_27(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_E_27(k) = M(k)/(p*(((x2(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
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    k=k+1; 
end 
  
  
%%%%%%%%%%%%% 
%Grids C & E% 
%%%%%%%%%%%%% 
  
x3=linspace(6.3,44.5,100); %range of diameter values 
n=5; %spread parameter 
X=18.2135; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x3(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.132e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_CE_27(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_CE_27(k) = M(k)/(p*(((x3(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
  
%%%%%%%%%%%%% 
%Grids D & E% 
%%%%%%%%%%%%% 
  
x4=linspace(5.14,40.99,100); %range of diameter values 
n=5; %spread parameter 
X=21.21; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x4(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
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    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*6.3755e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_DE_27(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_DE_27(k) = M(k)/(p*(((x4(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
%%%%%%%%%%% 
%All Grids% 
%%%%%%%%%%% 
  
x5=linspace(7,45,100); %range of diameter values 
n=5; %spread parameter 
X=22.70453227; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x5(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*8.1161e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_AL_27(k)=0; %finding the number of particles for a given 
diameter 
    else 
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        N_ALL_27(k) = M(k)/(p*(((x5(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
P = ones(100,1); 
Q = 20.*P; 
figure(3) 
plot(x1,N_CD_27,x2,N_E_27,x3,N_CE_27,x4,N_DE_27,x5,N_ALL_27) 
hold on 
plot(Q,N_ALL_27,'k--') 
title('Droplet Distribution T_i_n=107^oF, 27% Relative Humidity, exit') 
xlabel('Particle Diameter (microns)') 
ylabel('Number of particles with diameter d') 
legend('Grids C&D','Grid E','Grids C&E','Grids D&E','ALL Grids') 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%27 percent relative humidity 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
%%%%%%%%%%%%% 
%Grids C & D& 
%%%%%%%%%%%%% 
  
x1=linspace(6.4937,38.9,100); %range of diameter values 
n=5; %spread parameter 
X=20.5788; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x1(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*6.9084e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_CD_35(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_CD_35(k) = M(k)/(p*(((x1(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
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end 
  
  
%%%%%%%% 
%Grid E% 
%%%%%%%% 
  
x2=linspace(6.1014,40.1507,100); %range of diameter values 
n=5; %spread parameter 
X=20.5257; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x2(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*8.05544e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_E_35(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_E_35(k) = M(k)/(p*(((x2(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
  
%%%%%%%%%%%%% 
%Grids C & E% 
%%%%%%%%%%%%% 
  
x3=linspace(6.1,45.3,100); %range of diameter values 
n=5; %spread parameter 
X=21.0706; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x3(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
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    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*8.7281017e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N_CE_35(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_CE_35(k) = M(k)/(p*(((x3(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
  
%%%%%%%%%%%%% 
%Grids D & E% 
%%%%%%%%%%%%% 
  
x4=linspace(5.1281,39.6172,100); %range of diameter values 
n=5; %spread parameter 
X=21.3422; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x4(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.1143566e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N_DE_35(k)=0; %finding the number of particles for a given 
diameter 
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    else 
        N_DE_35(k) = M(k)/(p*(((x4(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
%%%%%%%%%%% 
%All Grids% 
%%%%%%%%%%% 
  
x5=linspace(8,45,100); %range of diameter values 
n=5; %spread parameter 
X=21.92147081; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x5(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.33129e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N_AL_35(k)=0; %finding the number of particles for a given 
diameter 
    else 
        N_ALL_35(k) = M(k)/(p*(((x5(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
P = ones(100,1); 
Q = 20.*P; 
figure(4) 
plot(x1,N_CD_35,x2,N_E_35,x3,N_CE_35,x4,N_DE_35,x5,N_ALL_35) 
hold on 
plot(Q,N_ALL_35,'k--') 
title('Droplet Distribution T_i_n=107^oF, 35% Relative Humidity, exit') 
xlabel('Particle Diameter (microns)') 
ylabel('Number of particles with diameter d') 
legend('Grids C&D','Grid E','Grids C&E','Grids D&E','ALL Grids') 
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function KineticDamageFactor2 
  
clear all 
close all 
clc 
  
%kinetic damage factor for the grid variation cases 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 10 percent RH Grid E% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
Df10_E = 0; %no particles 
  
%Case 107^oF 20 percent RH Grid E 
x=linspace(10.96,20.7232,100); %range of diameter values 
n=5; %spread parameter 
X=16.2569; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*5.9046e-5; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
for i = 93:100 
    D(i) = x(i)*10^-6; 
    if i<=95 
        V(i) = 175.643; 
    elseif i<=95 %23.25microns 
        V(i) = 169.548-(i-95)*(.5); 
    elseif i <= 97 %24.9 microns 
        V(i) = 164.637-(i-97)*(.5); 
    elseif i<=100 %31.8 microns 
        V(i) = 160.795; 
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    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df20_E = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 27 percent RH Grid E% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(6.9,37.8709,100); %range of diameter values 
n=5; %spread parameter 
X=21.1359; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.84e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
for i = 43:100 
    D(i) = x(i)*10^-6; 
    if i<=53 
        V(i) = 190.352; 
    elseif i<=66  
        V(i) = 181.118-(i-66)*(9/13); 
    elseif i <= 70  
        V(i) = 170.592-(i-70)*(10.526/4); 
    elseif i<=100  
        V(i) = 145.176-(i-100)*(.8472); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df27_E = sum(K); 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 35 percent RH Grid E% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(6.1014,36.1507,100); %range of diameter values 
n=5; %spread parameter 
X=18.5257; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.46e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
  
for i = 47:100 
    D(i) = x(i)*10^-6; 
    if i<=53 
        V(i) = 217.32; 
    elseif i<=66 %23.25microns 
        V(i) = 181.118-(i-66)*(36.202/13); 
    elseif i <= 70 %24.9 microns 
        V(i) = 190.592+(i-70)*(9.474/4); 
    elseif i<=100 %31.8 microns 
        V(i) = 184.176-(i-100)*(6.416/30); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df35_E = sum(K); 
  
Df_E = [Df10_E Df20_E Df27_E Df35_E]; 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Grid C&D 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 10 percent RH Grid CD% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
Df10_CD = 0; %no particles 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 20 percent RH Grid CD% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
Df20_CD = 0; 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 27 percent RH Grid CD% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(6.49,38.2,100); %range of diameter values 
n=5; %spread parameter 
X=19.489; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.28597e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = 0; 
for i = 43:100 
    D(i) = x(i)*10^-6; 
    if i<=56 
        V(i) = 192.21; 
    elseif i<=66  
        V(i) = 184.128-(i-66)*(.8082); 
    elseif i <= 70  
        V(i) = 175.592-(i-70)*(8.536/4); 
    elseif i<=100  
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        V(i) = 160.176-(i-100)*(15.416/30); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df27_CD = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 35 percent RH Grid CD% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(5.15,45.9,100); %range of diameter values 
n=5; %spread parameter 
X=18.58; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.10476e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 37:100 
    D(i) = x(i)*10^-6; 
    if i<=77 
        V(i) = 205.3; 
    elseif i<=86  
        V(i) = 193.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 182.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 170.19-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
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Df35_CD = sum(K); 
  
Df_CD = [Df10_CD Df20_CD Df27_CD Df35_CD]; 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Grids C&E 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 10 percent RH Grid CE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(10,22,100); %range of diameter values 
n=5; %spread parameter 
X=15.67; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*6.103936e-5; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 83:100 
    D(i) = x(i)*10^-6; 
    if i<=85 
        V(i) = 189.3; 
    elseif i<=88  
        V(i) = 174.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 165.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 151.19-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
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Df10_CE = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 20 percent RH Grid CE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(9.4,23.4,100); %range of diameter values 
n=5; %spread parameter 
X=16.9135; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.43669e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 76:100 
    D(i) = x(i)*10^-6; 
    if i<=79 
        V(i) = 195.3; 
    elseif i<=86  
        V(i) = 186.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 181.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 177.19-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df20_CE = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 27 percent RH Grid CE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
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x=linspace(6.3,44.5,100); %range of diameter values 
n=5; %spread parameter 
X=23.2054; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*4.732e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 36:100 
    D(i) = x(i)*10^-6; 
    if i<=69 
        V(i) = 195.3; 
    elseif i<=86  
        V(i) = 186.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 174.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 160.19-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df27_CE = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 35 percent RH Grid CE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(6.1,45.3,100); %range of diameter values 
n=5; %spread parameter 
X=23.4706; %average diameter 
p=1000; %density of water kg/m^3 
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for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*8.524e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 36:100 
    D(i) = x(i)*10^-6; 
    if i<=69 
        V(i) = 193.3; 
    elseif i<=86  
        V(i) = 184.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 174.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 160.7-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df35_CE = sum(K); 
  
Df_CE = [Df10_CE Df20_CE Df27_CE Df35_CE]; 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Grids D&E 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 10 percent RH Grid DE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
x=linspace(10,30,100); %range of diameter values 
n=5; %spread parameter 
X=21.3556; %average diameter 
p=1000; %density of water kg/m^3 
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for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*3.600981e-6; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 36:100 
    D(i) = x(i)*10^-6; 
    if i<=69 
        V(i) = 191.37; 
    elseif i<=86  
        V(i) = 184.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 174.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 160.7-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df10_DE = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 20 percent RH Grid DE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(9.24,31.8,100); %range of diameter values 
n=5; %spread parameter 
X=17.6886; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
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    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*4.4532e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 36:100 
    D(i) = x(i)*10^-6; 
    if i<=69 
        V(i) = 193.3; 
    elseif i<=86  
        V(i) = 184.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 174.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 160.7-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df20_DE = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 27 percent RH Grid DE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(5.14,40.99,100); %range of diameter values 
n=5; %spread parameter 
X=20.21; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
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for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*7.6755e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 40:100 
    D(i) = x(i)*10^-6; 
    if i<=69 
        V(i) = 188.36; 
    elseif i<=86  
        V(i) = 184.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 174.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 160.7-(i-100)*(1.38056); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df27_DE = sum(K); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Case 107^oF 35 percent RH Grid DE% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
x=linspace(5.1281,39.6172,100); %range of diameter values 
n=5; %spread parameter 
X=21.3422; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
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    M(k)=m(k)*1.0143566e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 41:100 
    D(i) = x(i)*10^-6; 
    if i<=69 
        V(i) = 193.3; 
    elseif i<=86  
        V(i) = 184.718-(i-86)*(1.3536); 
    elseif i <= 91  
        V(i) = 174.615-(i-91)*(1.5006); 
    elseif i<=100  
        V(i) = 163.7-(i-100)*(1.21278); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df35_DE = sum(K); 
  
Df_DE = [Df10_DE Df20_DE Df27_DE Df35_DE]; 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Original Kinetic Damage Factor for 107 degrees F 
  
%Case 107^oF 10 percent RH 
x=linspace(13,35,100); %range of diameter values 
n=5; %spread parameter 
X=20.7; %average diameter 
p=1000; %density of water kg/m^3 
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*4.2199e-5; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
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    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 32:100 
    D(i) = x(i)*10^-6; 
    if i<=37 
        V(i) = 170.589; 
    elseif i<=40 
        V(i) = 191.77-(i-40)*(7); 
    elseif i <= 41 
        V(i) = 174.124; 
    elseif i<=47 
        V(i) = 174.124+(i-47)*(2/6); 
    elseif i<=61 
        V(i) = 176.087-(i-61)*(6/18); 
    elseif i<=62 
        V(i) = 167.985; 
    elseif i<=64 
        V(i) = 167.985+(i-64)*(40/3); 
    elseif i<=65 
        V(i) = 178.88; 
    elseif i<=66 
        V(i) = 179.895; 
    elseif i<=70 
        V(i) = 179.895+(i-70)*(8/4); 
    elseif i<=71 
        V(i) = 200.8; 
    elseif i<=72 
        V(i) = 182.65; 
    elseif i<=90 
        V(i) = 182.65-(i-90)*(32/18); 
    elseif i<=92 
        V(i) = 150.378+(i-92)*(36/2); 
    elseif i<=93 
        V(i) = 192.688; 
    elseif i<=98 
        V(i) = 192.688-(i-98)*(34/5); 
    elseif i<=100 
        V(i) = 156.859-(i-100)*(7/2); 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
end 
  
Df10_ALL = sum(K); 
  
%Case 107^oF 20 percent RH 
x=linspace(16,45,100); %range of diameter values 
n=5; %spread parameter 
X=25.04414; %average diameter 
p=1000; %density of water kg/m^3 
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for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*5.98e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 17:100 
    D(i) = x(i)*10^-6; 
    if i<=22 
        V(i) = 170.589; 
    elseif i<=25 
        V(i) = 191.77-(i-22)*(7); 
    elseif i <= 26 
        V(i) = 174.124; 
    elseif i<=32 
        V(i) = 174.124+(i-26)*(2/6); 
    elseif i<=50 
        V(i) = 176.087-(i-32)*(6/18); 
    elseif i<=51 
        V(i) = 167.985; 
    elseif i<=54 
        V(i) = 167.985+(i-51)*(40/3); 
    elseif i<=55 
        V(i) = 178.88; 
    elseif i<=56 
        V(i) = 179.895; 
    elseif i<=60 
        V(i) = 179.895+(i-56)*(8/4); 
    elseif i<=61 
        V(i) = 200.8; 
    elseif i<=62 
        V(i) = 182.65; 
    elseif i<=80 
        V(i) = 182.65-(i-62)*(32/18); 
    elseif i<=82 
        V(i) = 150.378+(i-80)*(36/2); 
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    elseif i<=83 
        V(i) = 192.688; 
    elseif i<=88 
        V(i) = 192.688-(i-83)*(34/5); 
    elseif i<=90 
        V(i) = 156.859-(i-88)*(7/2); 
    elseif i<=99 
        V(i) = 149.126+(i-90)*(31/9); 
    else 
        V(i) = 165.5; 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
    i=i+1; 
end 
  
Df20_ALL = sum(K); 
  
%Case 107^oF 27 percent RH 
x=linspace(7,45,100); %range of diameter values 
n=5; %spread parameter 
X=22.70453227; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*6.1161e-4; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 32:100 
    D(i) = x(i)*10^-6; 
    if i<=37 
        V(i) = 170.589; 
    elseif i<=40 
        V(i) = 191.77-(i-40)*(21.181/3); 
    elseif i <= 41 
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        V(i) = 174.124; 
    elseif i<=55 
        V(i) = 176.087-(i-55)*(1.963/14); 
    elseif i<=56 
        V(i) = 167.985; 
    elseif i<=60 
        V(i) = 178.88; 
    elseif i<=61 
        V(i) = 179.895; 
    elseif i<=64 
        V(i) = 179.895-(i-64)*(20.905/3); 
    elseif i<=65 
        V(i) = 200.8; 
    elseif i<=66 
        V(i) = 182.65; 
    elseif i<=86 
        V(i) = 150.378-(i-86)*(32.272/20); 
    elseif i<=87 
        V(i) = 192.688; 
    elseif i<=94 
        V(i) = 156.859-(i-94)*(35.829/7); 
    elseif i<=100 
        V(i) = 149.126-(i-100)*(7.733/6); 
    else 
        V(i) = 165.5; 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
    i=i+1; 
end 
  
Df27_ALL = sum(K)+.25*sum(K); 
  
%Case 107^oF 35 percent RH 
x=linspace(8,45,100); %range of diameter values 
n=5; %spread parameter 
X=21.921471; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.33129e-3; %finding the total mass at a given diameter 
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    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
    k=k+1; 
end 
K = zeros(100,1); 
for i = 33:100 
    D(i) = x(i)*10^-6; 
    if i<=37 
        V(i) = 170.589; 
    elseif i<=40 
        V(i) = 191.77-(i-40)*(7); 
    elseif i <= 41 
        V(i) = 174.124; 
    elseif i<=32 
        V(i) = 174.124+(i-32)*(2/6); 
    elseif i<=55 
        V(i) = 176.087-(i-55)*(6/18); 
    elseif i<=56 
        V(i) = 167.985; 
    elseif i<=59 
        V(i) = 167.985+(i-59)*(40/3); 
    elseif i<=60 
        V(i) = 178.88; 
    elseif i<=61 
        V(i) = 179.895; 
    elseif i<=64 
        V(i) = 179.895+(i-64)*(8/4); 
    elseif i<=65 
        V(i) = 200.8; 
    elseif i<=66 
        V(i) = 182.65; 
    elseif i<=84 
        V(i) = 182.65-(i-84)*(32/18); 
    elseif i<=86 
        V(i) = 150.378+(i-86)*(36/2); 
    elseif i<=87 
        V(i) = 192.688; 
    elseif i<=92 
        V(i) = 192.688-(i-92)*(34/5); 
    elseif i<=94 
        V(i) = 156.859-(i-94)*(7/2); 
    elseif i<=100 
        V(i) = 149.126+(i-100)*(31/9); 
    else 
        V(i) = 165.5; 
    end 
    K(i) = p*(4/3)*pi*N(i)*(D(i)/2)^3*V(i)^2; 
    i=i+1; 
end 
  
Df35_ALL = sum(K); 
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Df_ALL = [Df10_ALL Df20_ALL Df27_ALL Df35_ALL]; 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
Phi = [10 20 27 35]; 
plot(Phi,Df_CD,Phi,Df_E,Phi,Df_CE,Phi,Df_DE,Phi,Df_ALL) 
legend('Df_K_,_C_D (11 Rows)','Df_K_,_E (14 Rows)','Df_K_,_C_E (18 
Rows)','Df_K_,_D_E (21 Rows)','Df_K_,_A_L_L (28 Rows)') 
xlabel('Relative Humidity(%)') 
ylabel('D_F_K') 
% title('Kinetic Damage Factor Plot 107^oF Grid Variation') 
 
function RosinRammlerDistributionExit 
  
clear all 
close all 
clc 
  
%Droplet diameter distribution for exit 
  
x=linspace(5.1281,39.6172,100); %range of diameter values 
n=5; %spread parameter 
X=21.3422; %average diameter 
p=1000; %density of water kg/m^3 
  
for i=1:100 
    Yd(i) = exp((-x(i)/X)^n); %mass fraction of droplets greater than 
current diameter 
    Y(i) = 1-Yd(i); %mass fraction of droplets less than current 
diameter 
    i=i+1; 
end 
  
plot(x,Yd) 
title('SMD 29 microns n=5') 
xlabel('Diameter (microns)') 
ylabel('mass > diameter d, Yd') 
m(1)=Y(1); %setting the initiial mass fraction to the initial mass 
fraction less than current diameter 
for j=2:100 
    m(j) = Y(j)-Y(j-1); %finding the mass fraction at a given diameter 
    j=j+1; 
end 
M(1)=0; %setting the initial mass to zero 
for k=2:100 
    M(k)=m(k)*1.0143566e-3; %finding the total mass at a given diameter 
    if M(k)==0 
        N(k)=0; %finding the number of particles for a given diameter 
    else 
        N(k) = M(k)/(p*(((x(k)*10^-6)/2)^3*(4/3)*pi)); 
    end 
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    k=k+1; 
end 
P = ones(100,1); 
Q = 20.*P; 
figure(2) 
plot(x,m) 
title('Case SMD 29 microns') 
xlabel('Diameter (microns)') 
ylabel('mass fraction with diameter d') 
figure(3) 
plot(x,N) 
hold on 
plot(Q,N,'k--') 
title('Grids D&E 107^oF, 35% Relative Humidity, exit') 
xlabel('Particle Diameter (microns)') 
ylabel('Number of particles with diameter d') 
 
 
 
